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I NT RO DU  Cl  I ON 


1 . 
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The  purpose  of  the  subject  task  is  to  develop  a technical 
practice  for  calculating  the  rudder  and  diving  plane  torque 
requirements.  In  the  course  of  this  development,  the  current 
NAVSCC  procedure  for  estimating  the  torque  requirements  was 
updated  and  documented;  the  current  state  of  the  art  was 
defined  to  determine  if  the  current  procedure  should  be  re- 
vised; arid  recommendations  were  made  for  future  research  and 
development  to  fill  gaps  in  the  current  technology. 

The.  scope  of  this  study  is  restricted  to  the  force  and 
torque  calculation  procedure  for  rudders  and  diving  planes, 
although  it  is  realized  that  this  is  only  a part  of  the  larger 
problem  of  predicting  ship  maneuverability.  The  study  of  ship 
hu'l  maneuvering  characteristics  and  the  proper  selection  of 
control  surface  area,  location  and  shape  and  other  parameters 
which  affect  the  torque  requirements,  were  covered  very  briefly 
in  this  report.1 


Section  2 of  this  report  contains  a general  discussion 
of  control  surface  design  considerations  which  should  be  made 
in  their  selection  and  construction.  These  considerations  are 
discussed  in  order  to  present  the  overall  scope  of  the  control 
surface  design  problem,  although  the  subject  task  only  deals 
with  tlie  items  outlined  above. 

Section  3 provides  a description  of  the  current  method 
used  by  NAVSEC  for  determining  the  torque  requirements  of 
surface  ship  spade  and  horn  rudders  and  submarine  stern  planes, 


( 

I 


rudders  and  fairwater  planes.  The  method  assumes  the  per- 
tinent control  surface  design  considerations  have  already 
been  addressed.  Detailed  manual  calculation  for  the.  current 
method  are  provided  in  the  Appendix  in  a step-by-step  fashion. 

Section  f|  contains  the  updated  sections  of  the  NAVSEC 
Technicol  Practices  Manual  which  are  pertinent  to  the  subject 
task.  This  has  been  done  to  present  tire  current  practice  used 
by  KAVSFC  for  control  surface  torque  calculations.  The  sections 
updated  are  Section  3 of  Port  A "Rudder  Design",  and  Sections  3.^, 
h . 2 , 5.1  and  7.1  of  Part  B "Submarine  Control  Surfaces.  The  material 
of  other  sections  of  the  Technical  Practices  Manual  related  to 
rudder  design  are  discussed  in  general  terms  in  Section  2 of 
this  report. 

i 

Section  5 presents  the  state  of  the  art  of  control  surface 
torque  calculations.  The  material  in  this  section  is  based  on 
a literature  survey.  The  complete  problem  of  ship  maneuver- 
ability and  its  relationship  to  control  surface  torque  pre- 
diction is  considered  here. 

The  sixth  and  final  section  presents  our  recommendations 
for  possible  revision  of  the  current  procedure  and  for  future 
research  and  development  based  on  the  survey  and  interpretation 
of  available  literature. 

We  decided  not  to  revise  the  current  procedure  for  cal- 
culating the  control  surface  torque  requirements  although  we  do 
recommend  modifying  the  NAVSEC  computer  programs  to  properly 
reflect  the  updated  procedure  outlined  herein. 
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CONTROL  SURFACE  DESIGN  CONSIDERATION 


2.1  I nti  o d u c t ion 

This  section  briefly  presents  a general  discussion  of 
considerations  necessary  for  the  selection  and  construction  of 
control  surfaces.  Although  much  of  this  material  appears  in 
NAVSEC's  Technical  Practices  Manual,  this  section  does  not 
attempt  to  describe  NAVSEC's  design  practice  for  control 
surfaces. 

2 . 2 S u i f . > c e Ship  Rudder  Design 
2.2.1  General 


The  aim  of  rudder  design  is  to  provide  tight 
turning,  directional  stability,  good  ability  to  initiate  and 
check  swings  rapidly  and  good  course-keeping  ability.  Quanti- 
tative measures  of  these  are  usually  investigated  by  tactical 
diameter,  Kempf  or  Z maneuver  (zig-zags)  and  spiral  maneuver 
(Dieudonncf)  model  tests. 

2.2.2  Rudder  P I anforri  on  d l.orat  ion 

Rudder  area  is  chiefly  determined  by  the  re- 
quirement for  tactical  diameter,  directional  stability,  and 
maneuverability  while  the  vessel  is  undergoing  replenishment 
at  sea.  With  this  in  mind,  the  rudder  area  is  proportioned 
upon  length  and  draft  from  similar  previous  ships.  Model 
tests  ore  usually  run  to  verify  the  directional  stability 
and  turning  characteristics. 


Rudders  are  generally  moved  out  of  a position 


[ 
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directly  in  line  with  propeller  shafting  in  order  to  avoid  the 
propeller  tail  cone  vortex.  This  is  even  done,  wherever 
possible  for  single  screw  ships  with  high  power.  However, 
the  rudder  is  always  placed  partially  in  the  propeller  race. 

Adequate  clearance  should  be  provided  so  the 
propeller  may  be  unshipped  without  unshipping  the  rudder. 

To  avoid  vibration  the  minimum  distance  allowed 
betv/ecn  the  leading  edge,  of  the  rudder  and  a point  on  the  line 
of  maximum  propeller  blade  thickness,  0.7  radius  from  the  shaft 
centerline  should  equal  one- half  the  propeller  diameter. 

2.2.3  Rudder  Sections 

Rudder  section  shape  is  defined  by  the  N A C A 
symmetrical  four-digit  series  with  thickness/chord  ratios 
dependent  on  stock  size  and  selected  rudder  profile.  The 
maximum  thickness/chord  ratio  = 0.23-  Normally  the  maximum 
rudder  swing  permitted  is  limited  to  35  degrees  with  an 
additional  two  degrees  to  hard  stop.  The  after  edge  has 
a definite  half-breadth  and  the  corners  of  the  trailing  edge 
arc  left  sharp. 

2. 2. A Rudder  Stock  Stress  Analysis 

— ■ 

A stress  analysis  is  usually  made  during  design 
and  the  shipbuilder  is  usually  required  to  make  one  based  on 
actual  scantlings.  Stresses  are  limited  so  as  to  provide  a 
minimum  factor  of  safety  of  2.0  on  yield  with  loads  computed 
as  indicated  in  Section  3.2.  Where  loads  are  estimated  by 
less  reliable  means  (e.g.  Joessel's  formula),  the  minimum 
factor  of  safety  Is  taken  as  2.5  on  yield. 
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When  a roller  bearing  i s used,  the  rudder  stock 
bending  stress  will  be  higher  than  the  stress  for  a sleeve 
bearing  due  to  the  increase  in  bending  moment  resulting  from, 
the  distance  between  the  ship  shell  and  bearing  for  maintenance 

2.2.5  R_u  dd  e r S t Materia  1 

The  minimum  yield  strength  for  low  carbon 
alloy  steel  rudder  stocks  of  auxiliary  ships  is  65,000  p s i 
and  for  combatant  slips  100,000  psi.  Where  rudder  stocks  are 
required  to  have  little  or  no  magnetic  permeability,  aluminum 
bronze  has  worked  well  on  AMS  60  and  MS0  A21  and  MS0  523 
cl  asses . 

The  use  of  higher  strength  steels  tends  to  save 
weight  and  permit  thinner  rudder  sections  both  of  which  are 
desirable  especially  if  there  is  difficulty  obtaining  a 
chord/thickness  ratio  of  0.23.  There  are  however  the  following 
drawbacks . 

(a)  The  deflection  of  the  stock  tends  to  be 
greater,  involving  a potential  problem 
with  seals. 

(b)  The  natural  frequency  tends  to  be  lower 
which  will  increase  the  possibility  of 
vibration. 

2.2.6  R udder  Plating  a r.  d Framing 

Rudder  plating  is  HY  80  and  internal  members 


arc  NTS  or  MS. 


2.2.7  B e a r i r.  q 5 


The 

two  basic 

types  of  bearings  which 

are 

used 

are 

(1) 

P.  0 1 1 i n g 

f r i ct 

ion  or  anti-friction. 

(2) 

SI  i d i n g 

f r i c t 

ion  or  sleeve. 

The 

f r i c t i 0 n 

coe  f f 

icients  used  are  0. 

0 1 for 

lion  and  0 . 

20  for  si 

eeve 

types.  For  roller 

or  ball 

the  ratio 

of  the  bearing 

diameter  d|  to  the 

stock 

d - d ] / d - 1 . 

29. 

The  bearing  material  is  usually  laminated 
phenolic  although  cobalt  base  alloy  may  be  used  to  permit 
higher  bending  stresses. 

2.2.8  Bear  i nc-  Seals  and  Lubrication 

Sleeve  and  roller  bearings  within  the  hull 
are  usually  pressure  grease  lubricated.  Adjustable  seals 
are  provided  and  made  in  halves  to  facilitate  shipping  and 
unshipping. 


The  most  recent  practice  with  roller  bearing 


sea  1 

5 i s 

to  use  a 

9 1 

and  v,’  i t h pack! 

ing,  adjustable 

from  i 

n s i d e 

the 

ship 

for  the 

h u 1 

1 seal.  This 

means  moving  the  hull 

r 0 1 1 e r 

bear 

i n g 

upwards  a 

1 i 

ttle  with  a s' 

light  increase  i 

i n rudde  r stock 

b end 

i ng 

moment  . 

Th  i 

s seal  design 

has  the  advantage  of 

being 

repo 

i red 

w hen  the 

sh 

ip  is  afloat. 

2 . 3 Submarine  Control  Surf ace  Design 
2.3*1  Genera  1 

The  basic  intent  of  submarine  control 
surface  design  is  to  obtain  positive  directional  stability, 
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good  depth  and  course  keeping  ability  and  good  ability  to 
initiate  and  check  trajectory  changes.  The  preliminary 
design  estimate  of  required  control  surfaces  are  generally 
tested  by  NSRDC  and  adjustments  made  as  necessary. 

Directional  stability  and  control  are 
basic  design  requirements  for  ahead  submerged  operation. 

Astern  operation  is  quite  unstable  and  generally  whatever  comes 
out  of  the  design  that  has  been  based  on  ahead  operation  is 
accepted. 

2.3*2  Fair water  Plane  Design 

Fair water  planes  are  more  commonly  called  for 

than  bow  planes  in  current  design  practice. 

Fair water  planes  outreach  is  usually  kept 

within  the  maximum  beam  to  allow  for  rolling  alongside  a 

dock.  The  height  of  the  planes  is  important  in  relation  to 

. 

avoiding  difficulties  in  periscope-depth  control.  Positioning 
the  planes  too  high  on  the  sail  may  cause  loss  of  plane 
effectiveness. 

The  leading  edge  is  usually  raked  to  deflect 
mine  cables.  Tips  should  be  rounded  to  reduce  noise  levels. 

2.3-3  S t e r n P 1 a n e s a r,  d St  a b i 1 i /.  e r s 

The  area  needed  at  the  stern  for  stability  in 
the  vertical  plane  is  determined  by  theory  and  model  test. 

The  area  is  usually  too  large  to  be  all  moveable  so  part  of 
it  is  installed  as  a fixed  stabilizer. 
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The  plan  for  in  and  location  of  stern  plane  an  ci~. 
stabilizer  are  selected  w i t h the  following  considerations  in 
addition  to  conventional  hydrodynamic  efficiency: 

a)  The  leading  edge  rake  should  be  such  as 
to  deflect  mine  cables;  for  non- rake  or 
very  small  rake,  cable  guards  should  be 
p ro v i de  d . 

b)  A minimum  distance  equal  to  one.  propeller 
radius  should  be  maintained  between  a 

point  on  the  line  of  maximum  blade  thickness 
0.7  radius  from  the  shaft  centerline  to  the 
nearest  edge  of  the  stern  plane. 

c)  The  span,  which  usually  exceeds  the  beam, 
should  be  limiter  so  as  to  facilitate 
nesting,  coming  alongside  a dock,  and  for 
larger  subs  to  increase  the  availability 
of  the  number  of  drydocks  and  building 
ways  that  may  be  employed. 

2 . 3 . k Rudders 

The  problems  associated  with  submarine  rudders 
are  generally  similar  to  those  encountered  with  surface  ships. 
One  special  problem  associated  with  the  topside  rudder  of  a 
submarine  is  the  flow  disturbance  caused  by  the  sail  and 
superstructure.  Because  of  this  wake  disturbance  the  topside 
rudder  is  not  very  effective  for  stability  where  small  angles 
are  involved  even  though  quite  effective  for  turning. 
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The  rudder  plating  is  generally  HY80  steel  with 
HTS  or  MS  for  interior  material.  Wood  with  hot  vegetable  pitch 


l 


1, 


or  foamed -in-place  plastic  syntactic  foam  may  be  used  as 
filling  material. 

2 . 3 • rJ  Pea  r i n a s 

Departures  from  practice  listed  for  surface 

ships  as  foil ows : 

a)  Laminated  phenolic  bearings  are  not  commonly 
used  on  submarines. 

b)  An t i - f r i c t i on  (roller)  bearings  are  not 
used  for  radial  loads. 

Cobalt  base  alloy  is  the  usual  material 
for  radial  loading. 

c)  Rudder  carrier  bearings  take  thrust  in  a 
free-flooding  space.  Nickel-copper-si  1 i - 
con  alloy  is  the  most  common  material  for 
these  bearings. 
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CURRENT  CALCULATION  PROCTDURE  lor  rudders  and  diving 
p LA  I *L  b "FORCES,  i URDU  L S _ _ AND  P H t N 1 b 

3 . 1 I ntroduction  for  Ca  1 c u 1 a t i o n Procod u r c 

This  section  of  the  report  describes  the  rudder  de- 
sign work  after  the  rudder  configuration  and  location  have  been 
determined.  The  hydrodynomic  torque  is  calculated  and  front  this 
the  structural  and  mechanical  features  are  determined  for  re- 
liability at  1 ow  cost. 

! rt  t hi  e computation  of  rudder  forces,  bending  moments 
and  torques,  aerodynamic  and  hydrodynamic  methods  are  used  with 
allowances  developed  from  experience.  This  procedure  will  be 
explained  for  various  types  of  surface  ship  and  submarine  con- 
trol surfaces. 

3 . 2 Flow  S p e ■ • d and  A n e 1 e of  Attack 
3.2.1  Flow  Spec  d 

The  ship  speed  used  is  the  speed  the  ship 
would  attain  at  full -power  plus  one  knot,  with  the  ship  in 
a light- displacement  clean- bottom  condition  such  as  can  occur 
on  builders  trials.  Any  reduction  of  speed  in  a turn  is  an 
additional  factor  of  safety  and  is  not  calculated.  For  a 
rudder  in  the  propeller  race  the  speed  of  the  water  over 
the  rudder  is  assumed  to  be  (Ship  Speed  as  defined  above) 

(1  + Real  Propeller  Slip).  This  speed  is  assumed  to  occur 
uniformly  over  the  complete  control  surface  span.  For  portions 
of  rudders  not  in  the  race,  ship  speed  is  used. 


; 4 
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3.2.2  A n <)  1 c of  A t t a c.  k_ 

For  both  surface  ship  and  submarine  control 
surfaces  the  effective  attack  angle  should  be  taken  as  some 
factor  times  the  actual  geometric  angle.  This  is  an  arbitrary 
drift  angle  allowance  based  on  ship  trial  experience.  The  fac- 
tors for  various  control  surfaces  are  listed  in  the  table  below. 

(actors  Used  to  Obtain  Effective  Attack  Angle 


C o n t r o 1 

Surf  n c e 

Factor 

Surf a c e 

Ship  Rudder 

0.75 

Submor i 

ne  Rudder 

5/7 

Submar i 

no  Stern  Plane 

1 . 0 

S u b mar i 

ne  Fair water  Plane 

1 . 0 

3 . 3 U u 1 1 Gap  and  effective.  Aspect  Patio 

In  order  to  use  free  stream  aerodynamic  and  hydrodynamic 
data,  it  is  necessary  to  calculate  the  effective  rudder  aspect 
ratio.  In  ideal  cases  this  is  equal  to  span  squared  over 
area  and  is  doubled  if  there  is  "no  gap"  between  the  rudder 
root  and  hull.  If  the  hull  gap  is  small  at  zero  rudder  and 
large  at  full  rudder,  the  effective  aspect  ratio  is  computed 


by  multiplying  the  geometric  aspect  ratio  by  a coefficient 
varying  linearly  from  2.0  at  0 degree  to  1.0  at  full  rudder 
angle.  If  the  gap  is  large  at  all  angles,  the  geometric 
aspect  ratio  is  used  throughout  the  range  of  rudder  angles. 

3 . 4 Use  of  \.' ! nd  T u n n e 1 Data 

The  calculation  of  rudder  forces  and  torques  is  mostly 
by  aerodynamic  methods  with  some  modification  for  ship  ap- 
plication. The  calculation  procedure  for  Q.(| , the  hydro- 
dynamic  torque,  of  each  of  the  control  surfaces  is  described 
below.  With  the  exception  of  the  horn  rudder,  computer  pro- 
grams exist  which  can  perform  these  torque  calculations. 

3.4.1  Spade  R u d dors 

The  most  important  source  of  data  for  the 
torque  calculations  of  spade  rudders  is  DTMB  Report  933  "free- 
st ream  Characteristics  of  a Family  of  Low- Aspect-Ratio  Ail 
Moveable  Control  Surfaces  for  Application  to  Ship  Design" 
(Revised  Edition).  The  data  from  DTMB  Report  933  has  been 

cross  faired  so  that  the  ordinary  coefficients  (lift,  drag, 

. 

normal  force,  chord wise  and  span wise  center  of  pressure)  are 
plotted  versus  aspect  ratio  for  various  angles  of  attack.  This 
is  done  for  both  squared  and  rounded  tip  shapes  and  for  sweep- 
back  angles  of  -8.0,  0.0,  and  11.0  degrees.  The  rudder  torque 
obtained  with  this  method  is  called  Q H , the  hydrodynamic 
torque.  The  results  of  the  torque  calculation  are  presented 
j in  a plot  of  versus  attack  angle  where  negative  torque 

indicates  a trailing  tendency  (center  of  pressure  aft  of  the 
centerline  of  the  stock). 

A detailed  example  calculation  for  spade  rudders 
J Is  shown  in  Appendix  A.  The  basic  procedure  is  as  follows: 


(A)  Use  the  design  charts  from  the  DTMB  /'933  for  the 
appropriate  sweep  angle  and  tip  shape  and  deter- 
mine the  coefficients  for  lift  C^,  drag  and 

chord wise  center  of  pressure  (CP)  for  the 

c 

desired  aspect  ratio  and  angle  of  attack. 

(B)  Interpolate  the  coefficients  from  step  (A) 
between  these  -8.0,0  and  11  degree  values 
for  the  values  at  the  actual  quarter- chord 
sweep  angle.  Sweepback  angles  higher  than 
11  degrees  can  be  interpolated  using  refer- 
ences 6 or  7 • 

(C)  If  the  taper  ratio  (defined  as  tip  chord/root 
chord)  differs  from  the  0.^5  values  of  Report 
933  a taper  ratio  correction  must  be  made. 

This  correction  is  shown  in  Appendix  B. 

(D)  Add  friction  and  steering  allowance  torques 
to  produce  the  final  torque  envelope.  See 
Section  3-5.1. 

The  computer  program  called  Rudder  fairwater  Plane  Design 
No.  0305  uses  the  data  from  DTMB  Report  933  to  perform  the 
torque  calculation  above. 

3.4.2.  Horn  Rudders 

For  semi -balanced  rudders  on  a horn,  the  cal- 
culation procedure  described  in  DTMB  Report  915  is  used  for 
the  determination  of  the  normal  force  and  center  of  pressure. 


Evaluation  of  a considerable  amount  of  model  and  full  scale 


4 


rudder  torque  test  data  indicated  that  the  height  to  chord 
ratio  of  each  portion  of  the  rudder  is  the  most  significant 
parameter.  Other  parameters  such  as  section,  aspect  ratio, 
thickness  and  percent  balance  or  hull  effects  such  as  woke, 


drift  angle  and  reduction  in  speed  are  assumed  to  be  impli- 
citly taken  into  account  in  the  analysis.  The  rudder  is  con- 
sidered as  two  separate  portions  and  the  normal  force  and 


center  of  pressure  curves  may  be  obtained  from  empirical 
curves  for  each  portion.  A detailed  example  calculation 
for  horn  rudders  is  shown  In  Appendix  C. 


The  basic  calculation  procedure  for  predicting  the 
torque  of  horn  rudders  is  as  follows: 

(A)  Determine  the  height  to  chord  ratios  for  the 
upper  and  lower  portions  of  the  rudder. 

(B)  Obtain  coefficients  for  the  normal  force  and 
center  of  pressure  for  various  rudder  angles 
using  the  graphs  of  Report  915. 

(C)  Determine  the  moment  arm  and  normal  force  for 
each  rudder  portion. 

(D)  Determine  the  torque  for  each  portion  of  the 
rudder. 

(E)  Sum  up  the  torque  values  of  (D)  to  yield  the 
total  hydrodynamic  torque  Q H . 

(F)  Add  frictional  torque  (and  torque  allowance)  to 
obtain  final  design  torque.  (See  Section  3.5.1) 
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3 . *» . 3 S t < r n P 1 a n c w i th  Stabilizers 

A detailed  example  calculation  for  stern  planes 
with  stabilizers  is  shown  In  Appendix  D,  The  most  important 
data  for  this  calculation  Is  the  NACA  WR-L  series.  The  basic 
procedure  is  as  follows: 

(A)  Determine  the  effective  aspect  ratio  by 
doubling  the  geometric  aspect  ratio.  If 
the  stern  plane  has  a vertical  stabilizer 
fin  at  the  tips,  then  a correction  must  be 
made  to  the  effective  aspect  ratio  using 
figure  2 of  Appendix  D.. 

( B ) Using  the  taper  ratio  X find  the  angle 
of  attack  (crossflow)  ratio  ( c / c e j ^ ) 
from  figure  3 Appendix  D.  This  is  done 
for  various  sections  along  the  span 

Y / ( b / 2 ) , where  y is  the  distance  along  the 
span  storting  from  the  root  chord  and  b 
is  twice  the  span  of  the  foil. 

(C)  Obtain  the  lift  slope  Cia  for  the  aspect 

ratio  from  step  (A)  using  EB  division 
design  cha  r t s • A- 1 AO  7 and  A- 1 1*09.  Obtain 
the  lift  slope  for  an  infinite  aspect 

ratio. 

(D)  Using  NACA  flapped  airfoil  data,  the  lift 
slopes  C^/c  arc  computed  for  15,  35  and  50 
percent  balance  flaps.  Using  these  slopes 
the  lift  coefficients  C.  may  be  found. 


( E ) Using  the  results  from  step  (0)  the  hinge  mo- 
ment coefficients  may  be  found  for  the 

three  balanced  flaps. 

( F ) Correct  the  lift  and  hinge  moment  co- 
efficients for  the  actual  chord  length 
•along  the  span.  A new  flap  chord  to  mean 
chord  ratio  is  calculated. 

(G)  Determine  constants  K i . «=  Sut • ^ a ^ ^ 

Q3 . 30 

is  defined  as  the  partial  of  the  attack 
angle  divided  by  the  partial  of  the  flap 
angle)  and  K2  = f-hf//chf<.rc>3c  by  using 
figures  7 and  8. 

(H)  Integrate  the  sections  to  obtain  the 
average  lift  and  hinge  moment  coefficient 
for  the  entire  span,  using  the  K constants 
from  step  (G)  and  the  lift  and  hinge  moment 
coefficients  from  step  (D)  and  ( E ) for  each 
section  along  the  span. 

(l)  Determine  the  streamline  curvature  correction 
to  the  average  hinge  moment  coefficient, 
using  the  data  from  figure  9 Appendix  D. 

(J)  Plot  values  of  lift  and  hinge  moment  co- 
efficients, which  have  been  calculated 
for  15,  35  and  50  percent  balance  versus 
the  ratio  of  the  chord  of  the  fixed  plane 
to  the  chord  of  the  flap  (C^/Cf).  Using  the 
correct  chord  ratio,  the  desired  lift  and 
hinge  moment  coefficients  are  taken  from 


the  curves  . 


(K)  Calculate  the  lift  using  the  value  of  the 
lift  coefficient  from  step  (j). 

(L)  Calculate  the  hydrodynamic  torque  Qh  using 
the  hinge  moment  coefficient  from  step  (J). 

(M)  Determine  the  normal  force  coefficient 

C N f using  figure  13  Appendix  D and  using 
this  coefficient  calculate  the  normal 
force . 

( N ) Add  friction  and  error  ( 6 % of  flap  chord) 
allowance  torques  to  produce  the  final 
torque  envelope.  See  section  3 • 5 . 3 • 

The  calculation  of  forces  and  torques  may  be 
performed  by  the  computer  program  titled  Stern  Plan  Calcula- 
tion No  . 0 2 18. 

3 . ^ . A Fa i rwatc r Planes 

In  computing  forces  and  centers  of  pressure,  the 
calculation  procedure  for  fair water  planes  is  the  same  as  the 
procedure  for  spade  rudders  (section  3.^.1). 

3 . 5 Steering  C c a r Tor  cjuc 

Going  from  hydrodynamic  torque  and  friction  torque  Qf 
to  steering  gear  torque  (at  the  tiller),  involves  additional 
a 1 I owa  n c e s . These  allowances  arc  are  discussed  below 

for  each  of  the  control  surfaces. 

{ 

I 
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3.5,1  S urf  oce  Shi  p R u d d e r 

A)  The  first  is  an  error  allowance  for  chord wise 
center  of  pressure.  This  allowance  is  gener- 
ally + 3 percent  of  the  mean  chord.  This 
allowance  multiplied  by  the  normal  force 
results  in  + Qp  or  a torque  error  allowance. 
This  is  added  alebraically  to  the  Qp|  curve, 
and  converts  it  i n t c a band  instead  of  a 
line.  This  allowance  is  significant  for 

a spade  rudder  with  the  rudder  stock  near 
the  quarter  chord  point,  but  is  practically 
negligible  for  unbalanced  rudders. 

B)  This  band  is  further  modified  by  adding  the 
frictional  torque  of  the  rudder  bearings. 

The  frictional  torque  is  the  result  of  the 
rudder  bearing  reaction,  stock  bearing  radius 
and  bearing  friction  coefficient.  The  fric- 
tion coefficients  used  are  o.Ol  for  anti- 
friction bearings  and  o.20  for  sleeve  type 
bearings. 

1 

C)  Minimizing  the  size  of  the  steering  gear 
requires  the  balancing  of  the  restoring 
and  upsetting  maximum  torque  of  Q h +■  Q p 

Qp.  The  stock  position  is  adjusted  so  that 
maximum  restoring  torque  is  50  percent  greater 

I than  the  maximum  upsetting  torque.  The 

( 

computer  program  No.  0305  cannot  balance 
the  torque  envelope  in  this  way  so  this 
step  in  the  procedure  must  be  done  by  hand. 

4 
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[))  Finally,  2 5 percent  of  the  maximum  torque 
restoring  is  added  to  the  torque  envelope 
as  a torque  allowance  Q^,. 

E)  The  calculation  for  the  horn  rudder  is  very 
similar  to  the  spade  rudder  except  when 
calculating  the  frictional  force,  the  normal 
force  F ^ is  used  instead  of  the  resultant 
force  F . 

3.5.2  Submarine  R u d d e r and  Fairwater  Plane 

The  calculation  procedure  for  determining 
submarine  rudder  and  fair  water  plane  torque  requirements  is 
nearly  the  same  as  that  for  surface  ship  rudders  (section 
3.5.1)  with  the  differences  described  below. 

Fairwater  plane:  1)  The  torque  error  allowance  Qj-  ~ 1-25; 

of  the  mean  chord  c. 

2)  Restoring  torque  = Upsetting  torque 

3)  Design  torque  = 1.20  x restoring  torque. 

Rudder:  1)  The  torque  error  allowance  Qr  = i - 1 % 

of  tlie  mean  chord  c. 

2)  Restoring  torque  = Upsetting  torque 

3)  No  additional  allowance  is  added 

to  the  torque,  envelope. 

3*5.3  Submarine  Stern  Plane 

The  calculation  procedure  for  determining  the 


"Notes  on  Rudder  Design  Practice". 


First 


R e f e r i.’ii  c <:  s 


I . 


k. 


5. 


6. 


7. 


Ta p 1 i n , A 
Symposium  on  Ship  Maneuverability. 
Octobe.  r 11)60. 


DTMB  Report  1 A 6 1 . 


Whicker,  L . F o 1 g e r , D . Eng.  and  F e h 1 n e r , Leo  F . 

"Free  Stream  Characteristics  of  a Family  of  Low- 
Aspect-Ratio,  All  Moveable  Control  Surfaces  For 
Application  to  Ship  Design".  DTMB  Report  933 
(Revised  Edition).  December  1958. 

Gover,  S.C.  and  Olson,  C.R.  "A  Method  for  Predicting 
the  Torque  of  Semibalanced  Centerline  Rudders  on 
Multiple-Screw  Ships".  DTMB  Report  915. 

November  195^. 

Cauldwell,  F.S.  "Control  Surfaces  Calculations  and 
Programs".  Personal  Work  - Not  published. 

Naval  Ship  Engineering  Center.  "Technical  Practices 
Manual  562  (9220-1)  Code  6136".  Not  published. 

University  of  Maryland  Wind  Tunnel  Report  No.  320 
or  AD  ^36-88^  "Free  stream  characteristics  of  Four 
Low-Aspect  Ratio,  All-moveable  Control  Surfaces. 
University  of  Maryland  Wind  Tunnel  Report  No.  A 8 5 
"Effects  of  Stream wise  Gaps,  Hull  Flow  and  Propeller 
Slipstream  Upon  the  Aerodynamic  Characteristics  of 
a Family  of  Low- Aspect  Ratio,  All -Moveable  Control 
Surfaces." 


3-12 


WEfr-*-1  ' ' “ . .t— " , 


UPDATED  TECHNICAL  PRACTICES  MANUAL,  RUDDERS  AND 


It. 

SUBMAR  I N C ONTROL  SURE  A C F.  S 56  2 (9?  20  1 )'  (Code  _6  1 36  ) 

Note:  Only  Section  3 of  Port  A and  Sections 

3 . ^ ^ . 2 , 5.1  and  7.1  of  Part  B are 

updated  here.  The  materia!  of  other 
sections  of  the  manual  arc  discussed 
briefly  in  Section  2 of  this  report. 

A . Rudder  D e s i c; 

Section  3 - Calculation  of  Rudder  Forces,  Moments 
and  Balance. 

3.1  This  section  represents  recent  practice, 
as  revised,  to  take  advantage  of  AOE  ! and  AS  33  lessons 
from  trial  data  recorded  by  Puget  Sound  Naval  Shipyard. 
Analysis  of  the  data  indicated  the  effective  attack  angle 
should  be  taken  as  0.7?  times  rudder  angle,  rather  than 
5/7  = 0.71  formerly  used.  From  Puget  Sound's  AS  33  data 
some  allowance  should  be  made  for  torque,  say  25  percent 
of  maximum  at  zero  rudder  for  a rudder  In  a propeller 
race.  DTMB  Report  060-H-01  of  March  1965  reports  model 
tests  of  AS  33  forces  and  torque.  Forces  correlate  well 
with  design  theory;  torques  do  not  correlate  with  either 
design  theory  or  full  scale  data.  The  error  allowance 
in  estimating  chord wise  center  of  pressure  should  be 
increased  generally  (as  indicated  in  paragraph  3.5  which 
has  new  values)  for  so  important  a system.  Regarding 
specifications,  the  assumed  efficiency  from  steering  gear 


hydraulic  torque  to  rudder  stock  will  be  stated.  In 
addition  to  general  performance  requirements,  N A V S E C 
predicted  forces  and  torques  will  be  specified. 


Where  weight  is  of  more  than  usu.il  importance, 
the  design  may  include  more  specific  requirements  than 
merely  performance.  This  essentially  involves  taking  some 
risk  where  weight  saving  makes  that  course  desirable.  The 
computation  is  by  aerodynamic  and  hydrodynamic  methods  with 
some  additional  features  for  ship  applications.  The  publi- 
cations for  this  work  are  references  2,  6 and  7 as  listed  in 
3.6.  Forces  and  centers  of  pressure  are  computed  as  indicated 
be!  ow , and  additional  allowances  are  made  for  converting 
hydrodynamic  torque  into  steering  gear  torque. 

3.2  The  computations  for  forces  and  centers 

of  pressures  involve  finding  data  for  an  acceptable  range 
of  Reynolds  Number  and  aspect  ratio  and  correcting  for: 


(c)  Sweep  back  angle  (fi=ongle  that  the  quarter 

chord  line  makes  relative  to  the  stock  axis). 

(j)  Mean  chord  (c-(Tip  Chord  + Root  Chord)/2) 

3.3  The  attack  angle  (a)  for  surface  ship  rudder 

is  usually  taken  os  0.75  the  rudder  angle.  This  is  an 
arbitrary  drift  angle  allowance,  based  on  the  time  to  get 
the  rudder  over  (about  10  seconds)  and  the  expectation 
that  the  ship  will  have  started  swinging  by  then.  This 
arbitrary  value  transforms  a 35  degree  rudder  angle  into 
a 26.2  degree  attack  angle,  below  stall  in  most  wind-tunnel 
data. 


3.k  The  speed  used  is  that  in  way  of  the  rudder 

during  a full -power  straight-running  period  plus  one  knot. 

The  ship  should  be  assumed  to  be  in  a minimum  operating  con- 
dition and  clean- bottom  condition  such  as  can  occur  on 
builders  trials.  Any  reduction  of  speed  in  a turn  is  not 
considered.  For  rudders  entirely  within  a propeller  race, 
flow  speed  is  taken  from  data  of  a similar  ship.  If  a 
portion  of  the  rudder  is  not  within  the  propeller  slip 
stream,  a separate  calculation  is  performed  for  that  portion 
of  the  rudder  usinq  ship  speed  for  the  inflow  velocity. 

3.5  With  these  simplified  methods  of  estimating 

flow  speed  and  angle  of  attack,  the  ordinary  coefficients 


(lift,  drag,  normal  force,  chord wise  and  span wise  center 
of  pressure)  arc  obtained  by  cross-fairing  as  indicated 
by  Section  3.2.  A systematic  plot  of  data  by  Electric 
Boat  Division  (available  in  Code  6 1 3 6 ) is  very  useful 
for  this.  The  rudder  torque  so  obtained  is  called  Q ^ the 
hydrodynamic  torque.  Airplane  nomenclature  is  followed  with 
negative  torque  indicating  a trailing  tendency  (center 
pressure  aft  of  stock).  An  allowance  for  uncertainty 
in  center  of  pressure  is  made  generally  + 3 percent 
of  the  mean  c fiord.  This  allowance,  multiplied  by  the 
force,  results  in  a +_  Qp  , or  torque  error  allowance.  This 
is  added  algebraically  to  the  curve,  and  converts  it 
into  a band  in  lieu  of  a line  (note  that  no  error  allowances 
are  rode  for  force  or  spanwise  center  of  pressure).  This 
bond  is  then  further  modified  to  get  tiller  torque  by  allow- 
ing for  the  intervening  friction  totque  Qp.  This  is  done  by 
computing  reactions  at  all  bearings,  multiplying  by  a 
friction  cocffic:cnt  (see  section  on  Bearings)  to  get  the 
frictional  fore. e,  and  multiplying  that  by  the  radius  of 
sleeve  or  the  radius  to  the  center  of  the  rollers  to 
get  frictional  torque,  finally,  2 5$  of  the  maximum  restoring 
torque  at  full  rudder  angle  is  added  to  the  torque  band 


The  best  example  of 


for  a torque  correlation  allowance  . 
this  systematic  procedure  and  the  sources  of  aerodynamic 
data  are  r. hown  in  the  Code  6 136  rudder  file  for  SSB(N) 

608  Class. 

3.6  Rudder  balance  may  be  theoretically  selected 
in  tii  is  manner:  Obtaining  t fie  minimum  size  of  steering  gear 
requires  balancing  the  negative  or  restoring  and  positive 
or  upsetting  torque  envelopes  of  Qg  +_  Qp  +_  Qp  +.  . Allowance 

car.  be  made  for  varying  mechanical  advantage  of  the  steering 
gear  at  different  rudder  angles.  For  surface  ship  rudders, 
it  is  desirable  to  have  the  maximum  negative  torque  50< 
greater  than  the  maximum  positive  torque;  this  balance  is 
made  before  the  final  torque  correlation  allowance  is 
added. 

3.7  (a)  Report  1 A 6 1 provides  the  basic  procedure 

for  the  torque  calculation  of  surface  ships  with  spade  rudders 
The  computer  program  titled  Rudder,  Fair water  Plane  Design 
uses  the  method  of  report  1 ^ 6 i w i t h the  data  from  D T M B 
Report  No.  933  to  perform  the  torque  calculations. 

(h)  For  semi -balanced  rudders  or  horn-type 
rudders,  Joessel's  method  is  used. 


3.8  Astern  Operation 


< 


') 


> 


Astern  Operation  is  usually  investigated 
only  for  ships  having  a;  military  requirement  for  going 
astern  (e.g.  LCU  types  which  retract  astern).  Model 
tests  are  then  used  for  determining  controllability,  since 
there  is  no  reliable  theory. 

Astern  operation  generally  does  not  control 
scantlings,  but  does  control  steering  gear  capacity. 

Recent  practice  has  been  to  design  the  steering  gear  for 
ahead  operation  and  limit  sustained  astern  RPM  based  on 
trials  so  as  not  to  exceed  the  steering  gear  capacity. 
"Sustained"  astern  RPM  is  specified  so  as  to  still  permit 
the  ship  to  use  full  astern  F;PM  for  crashback.  It  should 
be  noted  that  for  astern  operation  the  rudders  tend  to 
take  charge  and  will  move  to  larger  angles,  since  the  center 
of  pressure  is  well  aft  of  the  rudder  stock.  Accordingly, 
in  going  astern  with  a hydraulic  system,  when  the  relief 
valve  opens,  the  rudder  would  go  to  hard  over.  To  avoid 
this,  usual  practice  is  to  specify  that  the  safe  sustained 
astern  RPM  would  be  determined  from  sea  trials,  and  that 
suitable  warning  plates  be  installed. 

3.9  Sea  Slap 

Sec  section  7 of  Submarine  Control  Surfaces. 
The  criteria  for  submarines  also  applies  to  surface  ships. 
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3.10  Zig-Zag  Maneuvers 

Zig-Zag  maneuvers  should  result  in  greater 
rudder  forces  and  rudder  torques  than  for  simply  right 
or  left  turning.  Although  the  zig-zag  maneuvers  are  not 
considered  during  the  design  stage,  the  design  procedure  is 
considered  conservative  enough  to  cover  such  maneuvers. 

B.  Submarine  Control  Surfaces 

Sect  ion  3 “ fa i rwater  Planes 

3 . k In  computing  forces  and  centers  of  pressure, 
the  angle  of  attack  is  taken  as  the  plane  angle  (unlike 
Rudder  Design  Practice,  Section  3-3,  the  diving  planes 

can  be  operating  with  no  drift  angle  reduction).  The 

o 

maximum  plane  angle  is  20  . In  the  balancing  of  the  torque 
envelope  the  maximum  value  of  the  upsetting  curve  is 
equal  to  the  maximum  value  of  the  restoring  curve. 

After  balancing,  a torque  correlation  allowance  (Q^)  equal 
to  2 0 v of  the  maximum  restoring  torque  is  added. 

Section  h - Stern  Planes  and  Stabilizers 

. 2 As  with  fair  water  planes,  the  angle  of  attack 
is  taken  equal  to  the  plane  angle,  without  any  drift 
corrections.  The  force  and  center  of  pressure  determination 
for  the  stern  plane  plus  stabilizer  combination  follows 


the  same  procedure  as  Section  3.4.1.  In  the  balancing  of  the 
torque  envelope  for  stern  planes,  the  maximum  value  of  the  positive 
curve  equals  the  maximum  value  of  the  negative  curve.  No  torque 
allowance  is  added.  The  computer  program  titled  Stern  Plane 

Calculations  is  used  to  perform  this  calculation. 

Section  5 - Rudders 

5.1  The  design  calculation  of  submarine  rudder  forces 
is  the  same  as  that  covered  in  "Technical  Practices  A.  Rudder 
Design." 

There  arc  a few  differences  from  the  procedure 
used  in  section  A.  In  the  balancing  of  the  negative  and 
positive  torque  curves  for  rudders,  the  maximum  value  of  the 
positive  curve  equals  the  maximum  value  of  the  negative  curve. 

No  torque  correlation  allowance  is  added. 

Section  7 - Sea  Slap 

7.1  The  practice  is  to  assume  that  sea  waves 
acting  on  exposed  control  surfaces  are  equivalent  to  a 
static  uniform  load  of  1000  pounds  per  square  foot. 
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Under  this  loading  the  Ship  Specifications  usually  indicate 
that 

(a)  Structure  nay  be  stressed  up  to  the 
yield  point  (this  particularly  involves  torque  keys  and 
keywuys) . 

(b)  The  control  torque  may  exceed  hydraulic 
gear  capacity  (because  of  the  long  lever  arm  to  sea  slap 
center  of  pressure). 


In  that  case  popping  the  relief  valve  is 


acceptab  1 

e . 

On  SS(N)  597 

the 

Electric 

Boa  l 

Division 

made  a computer  analysis 

of  t h 

e response  of 

the  hydraulic 

system  to 

such  transient 

1 oa  d i 

n g . For 

that 

purpose 

NAVSEC 

a r b i t r a r i 

ly 

indicated  that  the 

loading 

cou  1 d 

be  taken  as 

1000  sin 

( 2 r 

T ) lbs/sq.  ft 

. whe 

re  T v a r 

i e s from  0 to 

CN 

o 

TTT 

77 

seconds . 

On 

newe r submar 

i nes 

such  as 

the  S S N 6 88  and 

TR 1 DENT , 

the 

hydraulic  system 

is  built 

without  re  1 i 

e f 

va Ives. 

The 

system  is  si 

zed  such  that 

the  a 

n t i c i pa 

ted  load 

( h y d r a u 1 i 

c 0 

r sea  slap)  w 

ill  not  cause 

pressures  in 

excess 

of  1.5  t i 

me  s 

tlie  system  pressure. 

« 


SI  Air  OF  THE  ART 


5.1  In  t r o d u c t j o n 

Tlie  problem  of  predicting  the  actuating  gear  torque 
of  a ship  control  surface  involves  the  following: 

(a)  Inflow  characteristics  of  the  water  about 
the  control  surface. 

(b)  Hydrodynamic  characteristics  of  the  control 
surface. 

(c)  Mechanical  characteristics  of  the  control  surface 
actuating  gear  mechanism. 

The  obviously  formidable  task  of  exhaustively  evalu- 
ating the  current  state  of  the  art  of  all  the  areas  mentioned 
is  beyond  the  scope  of  the  subject  task.  Although  each  area 
was  touched  upon,  the  only  one  investigated  to  a higher  degree 
was  that  of  predicting  the  hydrodynamic  characteristics  of  the 
control  surface.  Particular  emphasis  was  given  to  this  area 
since  it  seemed  to  hold  the  most  promise  for  an  immediate 
addition  to  improving  control  system  torque  prediction 
capabilities. 

Abstracts  of  many  of  the  books,  papers,  and  articles 
reviewed  can  be  found  in  Appendix  E. 

5 • 2 Inflow  Characteristics  of  the  Water  About  A 

Control  Su r f a c e 

The  angle  of  attack  and  velocity  of  a control  surface 
with  respect  to  the  fluid  around  it  is  a function  of  many 
variables.  The  most  important  are  discussed  in  the  sections 


be  1 ow . 


5.2.1  S 1 1 i p M a n_e  uvering 


5 . 2 . ! . 1 Introduction 

Whenever  a control  surface  is  deflected, 


the  ship 

will 

experience 

o n 

unbalance  of  forces, 

which  results 

in  rigid 

body 

motion  of 

the 

ship. 

As  the  control  surface  is  deflected, 
the  s It  i p will  go  into  a maneuver  which  usually  h a s sideslip 
and  decrease  in  speed  of  the  vessel  as  a result.  Increased 

turbulence  around  the  hull  can  also  be  expected.  As  a result 
the  water  inflow  character i sties  to  the  control  surface  can  be 
considerably  altered  from  the  ship  straight  ahead  condition.' 
The  rate  at  which  the  control  surface  is  deflected  bears 
heavily  on  the  degree  to  which  the  above,  phenomena  occur. 

Knowledge  of  the  above  phenomena  would 
greatly  add  to  the  prediction  of  the  control  surface  inflow 
direction  and  speed.  Unfortunately,  however,  this  involves 
very  accurate  experimental  or  theoretical  methods. 

5 . 2 . 1 . 2 Equations  of  Motion 

The  maneuvering  response  of  a ship  is 
determined  by  solving  the  appropriate  equations  of  motion. 
Generally  speaking,  motion  stability  and  tight  maneuvering 
response  arc  of  interest. 

Motion  stability  considers  the  response 
of  the  ship  after  some  arbitrary  infinitesimal  disturbance  from 
the  equilibrium  condition  of  straight  ahead  notion,  to  see  if 


the 

ship 

returns  to 

the  o r i g i 

na 1 position. 

When 

considering 

t h i 

s type 

of  motion 

only  the 

linear  terms 

in  the 

equal  i o n s 

o f 

mot i on 

need  be  considered. 
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For  d y n a m i 

cally  stable 

ships 

( s t a b i 1 i 

ty 

in  stra  i 

giit  i 

i ne 

motion)  the  1 

inear  theory 

holds 

for 

m o d e 

rale 

n’oneuve  i 

■ s and 

non 

-linear  terms 

become  neces 

s a r y 

on  1 y 

for 

tight 

maneuver 

• i ng  . 

for 

unstable  shi 

ps,  higher  order  terms 

are 

nec- 

css  ary  to  determine  maneuvering  properties. 

Although  the  linear  equations  of  motion 
con  be  solved  in  a clo sed  form  once  the  coefficients  have  been 
determined  by  experimental  or  theoretical  techniques,  the  non- 
linear equations  of  motion  cannot  be  solved  directly,  but  must 
be  evaluated  in  a step  by  step  computer  integration  procedure. 

5.2.  1.3  The  H y d r o d y n a m i c Coefficients  of  the 
Equations  of  Motion 

The  equations  of  motion  include  many 


hydrodynami 

c coe  f f 

i c i e n t s w h 

i c h d e 

pend  on  ship  shape, 

5 

ire, 

inertia  d i s 

t r i bu  t i 

on  and  the 

e q u i 1 

i b r i um  condition  i nvo 

Ived 

in  the  anal 

y s i s . 

N u m e r i c a 1 

quant  i 

ties  for  these  must 

be 

deter mi ned 

for  the 

ship  unde 

r cons 

ideration  in  order 

t o 

deter 

nine  the  re 

s p o n s c. . 

Generally,  theoretical  means  are  not 


available  f o 

r c a 1 c u 1 a 

ting  the 

s e 

coefficients 

accurately.  It 

then  becomes 

necessary  to  obt 

a i n 

these  from 

the 

results  of 

special  mode 

1 tests  i 

n a tow i 

ng 

tank,  water 

tunnel,  wind 

tunnel,  etc. 

, or  use 

the  re  s u 

1 t s 

of  a series 

o f 

model  tests 

which  have  a 

systemat 

i c shape 

v a 

r i a t i o n about  a 

parent  form. 

5-3 


• 


Special  equipment  and  techniques  have 


been  developed  for  obtaining  the  required  information  from 
model  tests.  Such  equipment  consists  of  oscillators,  planar 
motion  mechanisms,  rotating  arm  facilities,  etc. 

5 . ? . 1 . Cone  1 us  ions  Regarding  Ship  Maneuvering 

' 

Although  calculations  have  shown  that 
ship  maneuvering  can  be  predicted  in  some  instances,  this 
cannot  be  generally  assumed  for  all  maneuvers  and  ships.  In 
addition,  the  predicted  maneuvers  involve  determining  the 
hydrodynamic  coefficients  of  the  subject  ship  by  conducting 
expensive  model  tests.  Published  data  giving  hydrodynamic 
coefficients  for  the  equations  of  motion  for  systematically 
varied  series  are  not  known  to  exist. 


T h e i efore  , 

at  this  time  it  is  diff 

i cu 

and  expensive 

to  p r e d i 

ct  the  maneuvering  characteristics  o 

f a 

ship.  In  a d d i 

i t i on  it 

is  not  k n own 

if  all  maneuvers  will  g 

i ve 

realistic  results. 

5.2. 

,2  Boundary  Layer  of 

the  Ship  Mull 

1 

1 t 

is  well  known  that  the  v i 

i s C 0 s i 

i t y of  w a 

ter 

will  cause 

a b o u n d a r 

y layer  to  form  over  the 

ship 

length  w 

i th 

the  effect 

that  the 

water  velocity  in  way  of 

the  < 

: o n t r o 1 s 

u r - 

face  will  be  nonuni  form,  The  degree  of  nonuniformity  will 


directly  depend  on  the  location  of  the  control  surface  on  the 
ship. 


The  prediction  of  the  velocity  distribution  in 
this  boundary  layer  is  necessary  in  order  to  compute  the 


■1 


I 
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inflow  velocity  of  water  into  the  control  surface. 

This  subject  has  been  the  main  topic  of  investiga- 
tion for  many  research  works  in  the  field  of  naval  architecture. 
As  of  the  present  time  these  investigators  know  of  no  way  to 
accurately  predict  the  boundary  layer  characteristics  of  the 
flow  about  a ship  by  theoretical  means. 

Many  experimental  model  surveys  of  the  wake  area 
behind  the  ship  exist  for  a varied  amount  of  ship  types. 

It  is  still  normal  procedure  to  estimate  the  wake  for  a new 
design  from  the  experimental  data  of  other  ships.  This 
estimated  wake  may  be  revised  if  model  tests  of  the  subject 
ship  are  done  at  a later  date. 

5.2.3  Propeller  Pace  and  Appendage  W a k e 

Many  times,  particularly  in  the  case  of  the  rudder, 
the  control  surface  is  located  behind  a propeller  and  appen- 
dages, such  as  propeller  shafts,  struts  and  bossings.  These 
alter  the  direction  and  speed  of  the  flow  into  the  control 
surface . 

The  appendages  affect  the  boundary  layer  of  the 
ship  in  their  vicinity.  Since  ship  wake  surveys  are  performed 
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with  appendages  attached,  this  aspect  need  not  he  considered 
i n d c |>  e n d e n t 1 y . 


i* 


■t 
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Be  s i 

dcs 

i ncri 

eas  i n <j 

the 

speed  of 

f 1 OW 

into  the 

control 

face  w i 

i thin 

i t , 

, t he 

p r ope 

1 1 e r 

race  cont 

1 .ICt' 

. and  e x p a 

n d s 

the.  lo. 

r d i n g 

on 

the  pro  p e 1 

1 e r 

changes . 

This 

may  cousf 

the  rudde.  r to  he  completely  enveloped  by  the  race  in  some  cases 
arid  not  in  others.  Unfortunately,  this  phenomena  has  rot  been 
the  subject  of  many  investigations  and  no  general  conclusions 
can  be  d r a v n . 

5 . 3 1 1 ) dredyn  a r.  i c C h a r a c t c r i s t i c s o f_  the  Cent  i nl  Surf  a c e 

5.3-1  Intrndu a t i o n 

In  the  current  porocedure  assumptions  are  made  wit' 
regard  t o the  caractaristics  of  the  f low  to  the  control 
surface  and  an  effective  angle  of  attach  and  flow  velocity  are 
determined.  Free  stream  hydrodynamic  characteristics  (lift, 
drag,  center  of  pressure)  from  experimental  data  are  then  used 
to  determine  the  forces  and  moments  on  the  control  surface  shaft. 
FI  an  forms  and  section  shapes  for  which  test  data  do  not 
exist  are  approximated  by  interpolation  and  extrapolation  of 
planforns  and  sect  i on  sir  apes  for  which  data  docs  exist. 

A survey  of  the  state  of  the  art  has  shown  that  two 
distinct  areas  of  effort  in  developing  control  or  lift  surface 
characteristics  have  been  followed,  mainly  experimental  and 
theoretical.  The  most  extensive  work  has  been  in  the  aero- 
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nautical  field  and  in  recent  times  has  dealt  almost 


exclusively  with  theoretical  approaches.  Elegant  methods 
for  predicting  wing  and  control  surface  characteristics  now 
exist. 

Some  of  the  theoretical  procedures  investigated 
allow  the  calculations  to  be  performed  for  arbitrary  surfaces 
with  or  without  th.ckness  and  also  allow  for  the  effects  of 
a nearby  body. 

5.3.2  Experimental  Met  ho d s 
5.3.2. 1 Introduct ion 

The  most  extensive  experimental  data  available 
outside  of  the  DTMB  $33  report  are  found  in  the  aeronautical 
literature.  Unfortunately  many  of  the  section  shapes  used 
for  aeronautics  arc  different  from  those  used  for  ship  control 
surfaces.  In  addition,  since  aeronautical  planforms  usually 
have  significantly  higher  aspect  ratios,  two-dimensional 
model  testing  techniques  are  used  Instead  of  using  the 
complete  pi  an  form.  Thus  the  crossflow  and  tip  effects  are 
n e g I c c t e d . 


5.3.2.?.  Testing  Techniques 
A.  Tests  with  finite- aspect- ratio  wings. 

This  method  of  testing  is  hampered  by  the  diffi- 
culties of  obtaining  full-scale  values  of  the  Reynolds 
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number  and  sufficiently  lev/  air  stream  turbulence  to 
duplicate  f i i y h t conditions  properly  without  excessive 
cost  for  equipment  and  mod:  Is  (Like  D T M B 93  3 )- 
B.  Two-dimensional  testing. 

With  this  method  sections  are  tested  in  a two- 
dimensional  flow  at  large  Reynolds  numbers  in  an  air-stream 
of  v e r y ! o v turbulence,  approaching  that  of  the  atmosphere. 
This  is  made  use  of  particularly  for  aeronautical  purposes. 

5 . 3 • 2 . 3 Res  u 1 t s of  E x p_e  r i me  n t s 

The  varied  model  experiments  indicate  that 
Reynolds  number  effects  are  limited  to  increasing  the 
stall  angle  (without  changing  lift  curve  slope)  and 
decreasing  the  drag  (up  to  a certain  limit)  with  increasing 
Reynold  number.  Since  ship  control  surface  angles  of  attack 
do  not  usually  reach  stall,  the  first  fact  is  not  of 
particular  interest.  It  appears  from  the  literature  that 
at  the  high  Reynolds  number  experienced  on  ship  control 
surfaces,  the  drag  remains  constant  for  a given  lift, 
over  a large  range  of  the  Reynolds  numbers.  For  the  range 
of  Reynolds  numbers  in  DTMB  933,  the  drag  increases  with 
deceasing  Reynolds  number.  Since  the  drag  is  important  for 
estimating  the  location  of  the  resultant  force  on  the  control 
surface,  error  may  result  from  using  DTMB  933  data  for 
cases  with  considerably  higher  Reynolds  numbers  (as  with 
full  scale  ships). 
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It  should  be  noted  that  the  above  facts  and 
conclusions  were  frotn  two-dimensional  model  tests  instead 
06  the  thhee-d i mens i ona 1 type  of  DTMB  933*  Therefore  the 
effects  of  the  control  surface  tip  and  crossflow  are  not 

considered.  The  inclusion  of  these  could  alter  the  results. 

. 

Surface  roughness,  especially  near  the  leading 
edge,  has  large  effects  on  control  surfaces,  decreasing  the 
lift  and  increasing  the  drag. 

5.3.3  Theoretical  Techniques 
5.3.3.  ' I n t r o d u c.  t i on 

The  development  of  the  theory  of  flow  past 
a finite  wing  has  advanced  considerably  over  the  years. 

The  first  mathematical  formulation  of  the 
theory  was  made  by  Prandtl  (in  1918)  for  straight  wings 
of  large  aspect  ratios.  The  ideas  underlying  Pradtl's 
theory  are  important  and  have  served  as  the  basis  f o r 
further  developments  of  the  finite  wing  theory. 

The  models  currently  in  use  for  calculating 
the  flow  past  a finite  wing  arc  the  lifting  line  theory 
and  lifting  surface  theory. 

All  available  theoretical  computer  programs 
neglect  the  effect  of  viscosity  and  only  determine  the 
potential  flow.  The  only  drag  derived  is  the  induced  drag. 
Since  experimental  results  indicate  that  the  viscous 
effects  (Reynolds  number  effects)  are  not  of  any  appreciable 
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magnitude  f o 

r ship  control 

surfaces,  the 

theoret i 

CO  1 

assumpt ions 

regarding  the 

neglection  of  v 

i s co s i t y 

mo  y 

be  accept  a b 1 

e for  the  p u r p 

o s e of  c a 1 c u 1 a t 

ing  control 

surface  torq 

u e requirement 

5 • 

5. 3. 3. 2 

Lifting  line  Theory 

For  a cent  r 

o 1 surface  with 

the  c h a 

racteri  s t i 

listed  below 

, t lie  lifting 

line  t h e.  o r y c a n 

he  a p p ) 

i c d : 

A . The 

control  surface  has  a median 

plane  o 

f symmetry 

B . The 

aspect  ratio 

is  eoua 1 to  or 

greater 

than 

about  *4  . 


C.  The  trailing  edge  is  approximately  a straight  line, 
[he  wing  is  then  replaced  by  a system  of 


’ 

bound  vortices  distributed  along  a straight  line  coinciding 
with  the  span  of  the  control  surface. 

The  lifting  line  theory  has  been  applied 
to  many  types  of  wings  and  control  surfaces  usually  utilizing 
empirical  correction  factors. 

Calculations  including  propellers  with 
nonuniform  streams  forward  of  a nearby  wing  of  high 
aspect  ratio  modeled  by  the  lifting  line  theory  have  given 
realistic  results  of  aerodynamic  properties  of  the.  wing. 

The  lifting  line  theory  cannot  yield  realis- 
tic results  for  small  aspect  ratios  without  the  use  of 
empirical  corrections.  The  theory  also  cannot  rigorously 
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account  for  flaps  a r, d sv.c-epback  , 

5 . 3 • 3 • 3 L i f t i r.  n Surface  Theory 

If  the  wing  or  control  surface  is  replaced 
by  u system  of  bound  vortices  distributed  over  its  surface 
(rather  than  along  a straight  line  as  in  the  lifting  line 
tli eery)  or  as  on  assemblage  of  finite  elements,  the  wing 
or  control  surface  can  be  modelled  much  : ore  accurately. 
Thickness  effects,  sweepback,  and  flaps  can  be  included. 

Note  the  existence  of  two  methods,  namely  the  collocation 
(distributed  vortices)  and  the  finite  element. ^ 

The  state  of  the  art  of  the  lifting  surface  theory 
is  continually  advancing  because  of  its  use  to  the  aeronautical 
industry.  Computer  programs  are  now  in  existence  which 
can  predict  the  aerodynonics  of  wings  of  arbitrary  shape 
with  Mach  number,  thickness,  flaps,  smell  aspect  ratio,  and 
the  presence  of  a fuselage  included. 

The  present  state  of  available  computer  programs  with 
respect  to  their  capabilities  is  not  known  since  this  is 
continually  changing.  In  particular  it  is  not  known  if 
non  uniform  flows  (this  should  not  be  a severe  addition, 

If  not  already  include d ) can  be  considered.^  Therefore  it 
is  impossible  to  say  without  further  research  whether  or  not 
existing  computer  programs  are  applicable  to  the  ship  problem. 


* Sec  Reference  £17. 

n 

Sec  References  £ 2 and  £3. 
3 See  Reference  ^18. 


The  literature  also  indicates  the  computer  time  and 
expense  of  utilizing  lifting  surface  programs  is  not 
excessive. 

5 , If  M e c h a n i c a 1 Character  i sties  of  the  Control  Curfacr 

Actuating  1'  e c h • n i s n 
The  extent  to  which  the  actuating  mechanism  has  been 
considered  is  to  the  tiller.  Therefore,  the  only  item 
that  can  affect  the  steering  gear  torque  is  the  bearing 
f r i c t i on . 

No  work  additional  to  that  used  in  developing  the 
current  procedure  has  been  found  in  the  literature. 
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6.  RECOMMIT  HD  AT  IONS 


6.1  I n t roduc t i o n 

The  recommendations  are  divided  into  three  parts. 

Tli  is  was  done  in  order  to  put  into  proper  perspective  the 
level  of  effort  involved  in  performing  them  os  wo  1 1 os  the 
sequence  in  which  they  should  be  completed. 

The  trend  lias  been  to  avoid  experimental  investi- 
gations whenever  possible  and  rely  on  theoretical  techniques 
since  these  involve  considerably  less  cost  in  development. 

The  three  different  groups  of  recommendations  are 
as  follows: 

1.  Possible  moderate  revisions  to  the  present 
procedure  should  be  considered  for  implementation.  Also,  the 
present  computer  programs  used  by  NAVSEC  for  estimating  rudder 
torque  should  be  revised  as  soon  as  possible  to  include 

the  current  procedure  as  presented  in  its  final  form  in 
this  report. 

2.  Given  the  inflow  characteristics,  it  appears 
that  current  theoretical  lifting  surface  theory  may  be 
able  to  predict  accurately  the  hydrodynamic  characteristics 
of  ship  control  surfaces.  The  determination  of  whether 
this  can  be  done  or  not  should  be  undertaken  as  soon  as 

pos  s i b 1 e . 

3.  Since  the  prediction  of  control  surface  inflow 
characteristics  Involves  so  many  considerations  for  which 
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theoretical  and  experimental  tools  and  information  are  not 
available,  it  is  felt  that  this  area  should'be  considered 
as  one  in  which  large  gaps  in  the  technology  exist.  This 
is  considered  the  area  where  a high  level  of  effort  is  needed. 

6 . 2 Re  v i sign  s A r s o c i at o d with  Cu r r e n t P r o endure 

The  horn  rudder  should  be  considered  as  the 

combination  of  a f lapped  rudder  (portion  with  horn)  and 
spade  rudder  (portion  below  horn).  This  modification  is 
considered  possibly  more  appealing  than  the  current  method.  . 
Comparison  with  experimental  data  will  indicate  the  value 
of  this  proposed  modification. 

Also,  the  current  NAVSEC  computer  programs  should 
be  revised  so  that  any  desired  balance  of  maximum  steering 
gear  torque  can  be  obtained. 

6 . 3 Use  of  Lifting  Surf  a c e T h eo r y for  t h e Prediction  o r 

C on  t ro  1 S u r f ace  H y d r o d y n am  i c Char  a c t o r_i  sties 

Existing  lifting  surface  theory  and  corresponding 

computer  programs  are  available  which  may  be  able  to  determine 
the  hydrodynamic  characteristics  of  arbitrary  control 
surfaces  with  the  consideration  of  the  nearby  hull  as  described 
in  Section  5*  Also,  the  computation  time  and  expense  involved 
in  carrying  out  the  calculations  appear  reasonable.  Therefore, 
the  application  of  these  programs  to  ship  control  surfaces 
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should  be  investigated  os  soon  as  possible.  It  should  be 
noted  that  the  inflow  characteristics  (speed  and  direction) 
must  be  known  for  input  to  these,  programs. 


1 
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Karl  E.  Schoenhcrr  in  his  paper  "A  Program  for 
an  Investigation  of  the  R ud d e r - To r q ue  Problem"  (Marine 
Technology,  July  1965  ~ See  Appendix  E for  abstract), 
outlined  a proposed  program  for  future  work  in  the  area 
of  predicting  rudder  torque.  His  first  suggestion  was  to 
improve  the  theory  of  1 ow-aspect - ratio  airfoils  with  special 
reference  to  rudders.  This  has  been  done  with  the  lifting 
surface  theory  although  not  w i t h special  reference  to  rudders. 
He  then  suggested  that  all  known  information  on  rudders  be 
gathered,  formulas  developed  for  Cq,  C|_  and  CM,  and  free 
stream  tests  be  done  for  flapped  and  horn  rudders  and  for 
hull  proximity  effects. 

The  present  investigators  feel  the  Schoenherr 
approach  is  excellent  but  should  be  modified  in  light  of 
the  theoretical  methods  now  available.  The  following  is 
the  proposed  program: 

1.  Collect  all  experimental  data  applicable 
to  ship  control  surfaces,  including  hydrodynamic  charac- 
teristics, gap  effects,  and  effects  of  the  nearby  hull. 

2.  Conduct  a study  of  current  lifting  surface 
theory  programs  to  determine  full  capabilities  with  respect 
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to  ship  control  surfaces.  In  addition  t hi e level  of  effort 
for  making  any  modifications  should  he  evaluated. 


k 


3.  Choose  the  most  suitable  program,  make  any 
revisions,  then  run  example  calculations  for  all  types  of 
control  surfaces  with  nearby  hulls  to  compare  with  the  ex- 
perimental information  of  1.  The  control  surfaces  should 
include  spade,  flopped,  and  horn  types.  It  should  be  noted 
that  without  hull  and  nonuniform  stream  effects,  the  pro- 
gram could  be  used  to  generate  free  stream  data  at  consi- 
derably reduced  costs  than  model  tests. 

b . If  correlation  with  experiment  is  good, 
this  program  should  be  used  for  computing  hydrodynamic 
characteristics  of  ship  control  surfaces.  Otherwise, 
further  testing  as  outlined  by  Schoenherr  will  have  to  be 
considered. 

6 . P re.  d i c t ion  of  I nf  low  Cha  r a etc  r i s t ? c s 

Schoenherr  goes  on  to  suggest  extensive  manned 
model  testing  to  determine  all  aspects  of  the  rudder 
torque  problem  including  propeller,  rudder  and  hull 
interactions;  rudder  hydrodynar-ic  characteristics;  ship 
maneuvering  characteristics.  He  also  suggests  design 
of  a torsion  meter  for  measuring  rudder  torque  on  full  scale 
ships  and  conducting  full-scale  tests  on  a few  selected 
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ships  to  check  the  results  obtained  in  the  special  test 
models. 


As  pointed  out  in  Section  5 the  determination  of 
control  surface  inflow  characteristics  involves  the  areas 
of  maneuver  in i and  wake,  where  knowledge  does  not  exist 
t o v c i y accurately  predict  results  on  any  ship.  Further 
developments  in  these  areas  would  require  extensive  ex- 
perimental work. 

The  present  investigators  feel  that  once  the 
capability  exists  for  predicting  accurately  the  hydro- 
dynamic characteristics  of  arbitrary  control  surfaces  as 
outlined  in  Section  6.3  given  the  inflow  character,  the 
accuracy  of  the  inflow  assumptions  can  be  checked  and 
revised  by  c inducting  full-scale  trial  tests.  This  can  be 
done  by  measuring  rudder  torques  on  ships  during  planned 
maneuvers.  The  hydrodynamics  characteristics  for  the 
control  surface- ship  combination  can  be  determined  by  the 
method  from  6.,  by  making  appropriate  inflow  assumptions 
(as  in  the  current  procedure).  The  predicted  torques  should 
correspond  to  the  measured  torques.  If  not  it  is  hoped 
trends  will  be  noticed  that  will  allow  general  conclusions 
to  be  drawn  about  inflow  direction  and  speed  to  correct 
the  original  inflow  assumptions. 
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events  : 


The  following  is  the  proposed  sequence  of 


1.  Design  a torsion  meter  for  measuring  control 
surface  torque  on  full  scale  ships. 

2.  Using  the  method  chosen  from  Section  6.3, 
calculate  the  h ydrodynamic  characteristics  of  control 
surfaces  of  several  existing  ships  by  assuming  the 
inflow  characteristics  based  on  the  current  procedure. 

3.  Run  planned  full-scale  maneuvering  expe- 
riments with  the  ships  used  in  2.  and  measure  torques  on 
either  side  of  the  bearings  and  simultaneously  measure 
ram  pressures. 

b . Compare  the  results  from  2.  with  those 
measured  in  3-  If  close  correlation  exists,  an  accurate 
engineering  procedure  exists.  If  correlation  does  not 
exist,  look  for  trends  and  correct  the  assumptions  of 
i n f 1 ow  if  possible. 
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APPENDIX  a 


COMPUTATION  Of-  RUDDER  FORCES  AND  TORQUES 
FOR  A SPADE  RUDDER 


GIVEN:  A spodi  rudder  o$  shown  in  Figure  J is  in  the  race  of  a propeller. 

At  maximum  : 1 1 i p speed  of  30  knots,  the  propeller  slip  is  17.2  percent. 


lie  ruaac  r 


is  close  enough  to  the  f . o ' l so  tlio!  full  reflection  (double 


flic  geometric  aspect  ratio)  con  be  ossumed  ot  0-deg  rudder  angle; 
also  assume  linear  decrease  to  I .0  times  geometric  aspect  latio  at 
full  rudder  angle  of  35  deg.  The  rudder  has  NACA  OOXX  sections 
and  square  tips.  Roller  bearings  are  used  on  the  ruddersi  ock . 


TO  FIND:  Forces  and  torques  throughout  the  range  of  rudder  angles. 

PROCEDURE: 

Rudder  area  = II. 35  ft  x 9.01  ft  = 102.3  sq  ft 
tip  chord  5.59  ft  _ 

TaPerro,io  = root  chord  = lOTfT  -°-45'so 

that  NACA  0015  curves  of  TMB  °33  apply  without  toper  ratio  correction. 
The  step-by-step  procedure  is  tabulated  below.  In  this  example,  subscript  1 
refers  to  data  taken  directly  from  TMB  933,  and  subscript  2 refers  to  desired  data. 
Additional  infoirnation,  where  the  tabulation  is  not  self-explanatory,  is: 

Line  2.  Take  effective  angle  of  attack  = 0.75  rudder  angle. 


Line  3.  The  gcometiic  aspect  ratio  is 


(11.35)' 

102.3 


= 1.26 


Use  1.26  at  26. 3-deg  attack  angle , and  prorate  other  angles  for  2 x ).26ot 
0-deg  attack  angle. 
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Line  4. 


Reynolds  number  for  ship,  based  on  rudder  mean  chord 


Line  5. 
Line  6. 
Line  7. 

Line  8-11 . 


• Line  12. 

Line  13 . 

Line  14 . 
Line  15. 


i56 - i*>/sc_e)_j(9_. 0 1 J0_  = ^ y |(6 

0.000015  sq  tf/sec 

This  is  c.bouf  fen  fimes  greater  fhon  (he  highest  Reynolds  number  in  TMB 

933.  Use  the  highest  Reynolds  test  values  in  TMB  933  as  being  ihe  closest. 

Obtain  lift  coefficient  C|  by  interpolating  and  fairing  from  Figures  45,  60 

and  67  of  TMB  933  for  sweep  angle. U = 'll  deg.  See  line  19  for  the 
calculation  of  ship  speed. 

Similar  to  Line  4,  except  forf2-0  deg  use  Figures  44,  55  and  66. 

Straight  line  interpolation  for  the  desired  sweep  angle  JZ  - 9-^/2  deg. 
Similar  to  lines  4 and  5 except  read  drag  coefficient  Cp,  and  no 
interpolation  is  needed. 

Lift  and  drag  are  used  in  the  conventional  aeronautical  sense  of  forces 
normal  to  and  in  line  with  the  flow.  Lines  10  and  II  are  the  norma! 
components  of  lift  and  dreg  coefficients. 

The  normal  force  coefficient,  for  use  in  computing  bydrodyncmic  torque, 
is  Line  10  plus  Line  II. 

Interpolate  from  Figures  45,  60,  and  67  of  TMB  933  to  get  the  chordwise 
center  of  pressure,  aft  of  mean  chord  leading  edge. 

Interpolate  from  Figures  44,  55,  and  66. 

Straight  line  interpolation  between  Lines  13  and  14  for  the  desired 
sweep  aigle  of  9-1/2  deg. 


4 


A - 2 


Ur,  13. 


The  sign  convention  is  that  used  for  aeronautical  control  suifaces.  Plus 


values  indicate  moments  tending  to  diive  the  rudder  to  larger  angles.  Minus 
values  indicate  moments  tending  to  restore  the  rudder  to  0 deg. 

Line  19.  Propeller  race  speed  = (1  t slip)  (ship  speed)  = (1  + 0.172)  (30  x 1 .69  fi/sec) 
59.4  ft/ sec 


[estimated  effec  tive  speed  of  flow  over  rudder  - 95  percent  x 59.4  - 56.4  ft/sec 


P 2 o 

q = Unit  dynamic  pressure  =-7-  y~  1.99  lb  sec  /c/  , ,,,  , 2 

/ - — 2 — —-3—  (56.4  t{,  sec) 


Line  20 


= 3170  lb/ft2 

Sq  = Dynamic  pressure  on  rudder  - (3170  lb/ft2)  ( 102.3  ft  ) 

= 325,000  lb 

To  get  Line  19,  multiply  325  kips  by  the  norma!  force  coefficient  from  Line  12. 
Line  19  times  Line  18 . 


Line  21.  This  is  the  arbitrary  error  allowance  of  3 percent  of  mean  chord.  The  mean 


Line  22. 


Line  23. 


chord  is  103.12  in.rJrom  Figure  ± t 

This  is  the  torque  error  allowance.  Line  21  times  Line  19. 

2 n 

The  resultant  force  coefficient  CH.y(C^)  + (C^^ 


Line  24.  The  resultant  force,  is  Line  23  times  325  kips. 

(see  also  explanation  for  Line  19.) 

Lino  25.  The  spanwise  center  of  pressure  at  26.3  degrees  attack  angle  is,  from 
1 Av'i B 933,  about  49  percent  span,  or  (0.49)  ( 11.35  ft)  = 5.562  ft  from 
root  chord.  From  the  given  bearings  locations,  the  spanwise  CP  It  then 
5.562  ft  t 1 .021  ft  6.583  ft  below  the  centerline  of  lower  bearing. 
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Assume  a double  rom  steering  gear,  which  applies  torque  without 


side  foicc.  Using  the  resultant  force  from  Line  24  the  upper 

bearing  radial  load  F, Fr>  — = } .03?  T,, 
u K 6.333  ft  R 

The  lower  b(  ..  ring  radial  load  F[_=  Fj,  + 1 .039  T|>  --  2.039  F^ 

D/  separate  calculation,  the  radii  lo  center  of  rollers  are:  Ry  • 8.65  in.  and 
R — T 4 . 5 i r. . Use  coefficient  of  friction  0 .01  . Tire  total  frictional  torque 
is  then  0.01  Fy  P.y  + F^s  = 0.01  (1 .039  Fr)  (8.65  in.)  + (2.039  Fr 

(14.5  in.)  - 0.386  F„ 

K 


Line  25  is  then  Line  24  times  0.386. 

Linos  26-29.  These  involve  addition  of  the  error  and  friction  allowances  to  get  on 

envelope  of  torqje  as  shown  in  the  plot  of  "Final  Torque  Curves,"  Figure  2 
Lines  30-32  These  involve  addition  of  25  percent  of  the  maximum  torque  in  lines  28  and  2 9 


obtain  steering  gear  torque. 
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Figure  1 - Rudder  Outline  and  Bearings  locations 
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GIVEN: 


APPENDIX  P 

CORRECTION  TOR  TAPER  RATIO 


A control  surface  lias  square  tips  end  a taper  ratio  A = 0.78.  The 
following  characteristics  for  'A  - 0.45  have  been  obtained  from  TMB 
Report  Sod: 


TO  PIND:  Equivalent  values  for  A = 0.78. 

PROCEDURE:  For  convenience,  use  subscript  1 for  the  given  values  ( “ 0.45)  and 

subscript  2 for  the  desired  values  ( A - 0.78).  Referring  to  Figure  20 

2 

of  TMB  933,  tire  crossflow  drag  coefficients  are:  fC^  ) = I .335 

(CDc),=  0-800 

<C°c>  - <CDc>2  - (C6ch 

From  Equation  j"  1 J of  TMB  933  we  obtoin: 


- 0 . 535 


Rudder  angle , deg 

6.7 

13.3 

20.0 

26.7 

33.3 

35 

Attack  angle  »<,  deg 

5 

10 

15 

20 

25 

26.3 

Effective  ospcct  rofio  a. 

1 .72 

1 .54 

1 .36 

1.18 

1 .00 

0.95 

Lift  coefficient  C^ 

0.193 

0.373 

0.534' 

0.673 

0.787 

0.817 

Drag  coefficient  Cp 

o.on 

0.041 

0.033 

0.146 

0.230 

0.252 

Normal  force  coefficient  Cjq 

0.193 

0.373 

0.538 

0.683 

0.810 

0.840 

Resultont  force  coefficient  C^ 

0.193 

0.373 

0.539 

0.686 

0.815 

0.849 

Chordwise  center  of  pressure 

(aft  of  leading  edge  of 
mean  chord)  CP^p 

0.175 

0.189 

0.209 

0.235 

0.266 

0.274 

/A  CL  = (C.l)2  - (CL)1  = 


( A C n ) ( c<  r) 


Where oir  is  flic  attach  ongle  in  tadions.  This  is  used  in  Line  6 of  fhe 
detailed  calculation  sheet. 


From  Equation  2 of  T//.B  93?  v.o  obtain: 


(CL)2  - (<-,_)] 


AC  = 

^ D " 


2.83 


This  is  used  in  line  12  of  the  detailed  calculation  sheet. 


From  Equation  4 of  TMB  933  we  obtain: 


A (Cm  t ) = -^^CL 


This  is  used  in  Line  24  of  the  detailed  calculation  sheet . 
The  tabulation  that  follows  is  intended  to  be  in  aform  that  permits 
checking  step-by-step.  Certain  operations  are  indicated  by  line  number. 


for  further  c fori f i cation  . 


D - 2 


TABULATION  OF  CALCULATIONS  (CONT.) 


c/Vl 


TABULATION  OF  CALCULATIONS  (CONT.) 


APPENDIX  C 


Co.T.pufofion  of  Rudder  Forces  ond  Torques  fur  a t Torn  Rudder 
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•t 


Appendix  C 

Commutation  of  Rudder  Forces  and  Torque1;  for  a Ho**n  Rudder 

GIVEN:  The  horn  rudder  of  the  USS  Alaska  ( C B 1 ) which  is  outside  of  the 

race  of  the  propellers.  Since  the  rudder  is  not  directly  behind 
the  propeller,  slip  is  taken  into  account.  The  ship  speed  is  31.4 
knots.  The  shape  parameters  of  the  rudder  are  given  in  table  1. 

To  Find:  Forces  and  torques  throughout  the  range  of  rudder  angles. 

Procedure:  The  step  by  step  procedure  is  tabulated  below. 

Torque  of  Lower, Portion 

Line  1 Enter  figure  3 with  M/cl  ratio  and  for  each  rudder  angle  find 


Line  2 
Line  3 
Line  4 


CN‘ 

Determine  the  normal  force  F-j  with  the  equation  F-j  = (/V2)  AU2 

Enter  figure  4 with  the  hl/cl  for  each  rudder  angle. 

Subtract  the  ratio  of  the  distance  of  the  rudder  stock  to  the 
leading  edge  from  the  distance  of  the  center  of  pressure  to  the 
leading  edge  to  obtain  the  moment  arm. 


n 


i 


Line  5 


Li, 


Lin  - 7 


! in.-  8 - 


Line  9. 


! ne  I! 


Line  12 


Li:  e In  . 


Multiply  tlie  value  in  line  4 by  the  chord  length  Cj  to  obtain 

the  moment  arm. 


Multiply  the  fcice  (Line  2)  by  the  moment  arm  (Line  5)  to  obtain 
the  torque  of  the  lo.  r portion  Qj . 


Torque  of  Upper  Portion 


ho 


Lnier  fijure  3 with  f;  . "/c y ratio  and  for  each  (odder  angle 

find  Cjq  . 

Deit,:.  ine  the  normjf  force  fy  with  the  equation  F ,y-  ( J°  /2)  AU  . 

Enter  figure  4 with  the  ^2/c2  ratio  and  find  the  distance  of 


the  center  of  pressure  fa  chord  length  ratio  X^/Cy 


Multiply  the  value  of  line  9 by  the  chord  length  C_  to  obtain  the 


moment  arm  x 


Multq  !)•  the  force  (line  8)  by  the  moment  arm  (line  l0)io  obtain 


flie  lo,q  e for  the  upper  portion  G^. 


Add  toe  values  of  lire  6 end  7 Q^Qy  to  obtain  the  total  hydto- 
dync  vr  torque  Q|, . 

Total  Torque 


Add  ! lit  forces  of  the  lower  ond  upper  portions  F ^ - F^  + F, 


ond  assume  that  the  normal  force  Ff\|  is  equivalent  to  the 


resultant  force 


j 

j 


C >-  2 


Line  14 


1 

Find  the  frictional  torque  Qp  using  the  resultant  force  (line  13). 

By  separate  calculation,  the  total  frictional  torque  equals  2.  75 
(Fp)  for  sleeve  bearings  and  0.14  (rR)  for  roller  bearings. 

For  the  purposes  oi  this  calculation,  we  shall  assume  the  bearings 
are  roller  hearings.  Therefore,  to  find  the  frictional  torque,  use 
QF  = 0.14  (fR). 


Line  15 


Line  1G 


1 7 


0A  is  an  additional  allowance.  For  roller  bearings  and  sleeve 
bearings,  the  torque  allowances  are  35  and  zero  percent  of  the 
maximum  rudder  torque,  respectively. 

Su  nation  fo:  the  torque  curves  of  the  envelope. 


■j 


(rejected  area  of  lov.ff  |.  :tre.%  il  semtoa'anced  rudder 
Projector)  area  of  tu-’t  pud io:<  of  sent'.',  b ,ctd  rudder 
r.  Moan  chcrd  c f lower  per  Urn  rf  udder 

c.  Mean  chord  tl  upper  rentier*  cl  rudder  (U'  lo  centerline  rf  rudder  stock) 

('  v ;;  iir.al  (era.  a • Ifici-  if,  where  C\  y f~"L  c ns  g r C0  sin  g 

it  Ltngth  Iren  leading  edge  of  lower  portion  1.  centerline  cf  red  del  stock,  measured  along  re  an  chcrd 
F Normal  (tree  on  I o >\ o r porlicn  cf  rudder 

F..  h'crir.af  force  on  upper  pc;  lien  cf  rudder 
!. ! Span  of  leu.  f port  ion  of  rud:':r 

/»  Span  ct  upper  portion  of  rudder  (eeasured  at  redder  sLek) 

Q Torque  cl  udder  about  redder  stock 
It  Velocity  of  ship  in  feet  per  second  ' ' 

ti  Velocity  ol  shi.  in  knots 

- Distance  measured  along  r lor  location  of  center  cf  pressure  cf  lov.er  portion  Irom  leading  edge 

rr2  distance  measured  along  c2  lor  location  of  center  of  pressure  from  centerline  cl  ruefd  r stock 

5 Rudder  angle 

Mass  density  cf  water 


Table  2 


Shape*  Parameters  for  the  CB1  Rudder 
All  dimensions  are  in  feet  and  square  feet 
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Schoenhcrr,  Korl  f.,  "A  Program  for  on  Investigation  of  flu  P.uddei 


fVlBiliuftgtjuM 


Torque  Problem,"  Marine  Technology,  July  1965. 

Surnrnory:  In  this  paper  the  outlier  outlines  the  oreas  of  tire  rudder-torque  problem 

by  dividing  it  into  a group  of  "basic  factors,"  namely  those  determining 
the  forces  on  o rudder  in  a free  stie^.  :i  and  "modifying  factors,"  namely 
those  on.  girig  tire  free-stream  forces  through  the  interference  by  the 
hull  and  the  propeller,  hr  conclusion  the  author  presents  a tentative 
program  for  future  work  he  feels  should  be  done  in  all  areos. 

Two  rodder  hydrodynamic  torque  calculation  methods  are  discussed. 

The  first  is  based  on  the  lows  of  dynamical  similitude  applied  to  the 
whole  system,  so  that  luddc  r torque  for  a new  ship  is  calculated  from 
data  obtained  on  c similar  ship  operating  under  similar  conditions . 

The  second  method  is  based  on  dynamical  lows  applied  to  components 
of  the  system  augmented  by  empirical  or  semiempirical  correction 
factors,  so  that  characteristic  force  and  moment  curves  for  a free 
stream  ludder  of  the  same  type  and  shape  are  utilized  and 
the  interaction  effects  computed  or  estimated. 

In  addition  some  extracts  from  airfoil  theory  aic  included,  and  if  is 
shown  how  the  free  stream  rudder  information  for  the  second  method 
above  can  be  deduced  from  wind  tunnel  experiments  or  lifting  line 
theory  with  empirical  factors  included  (no  profile  shape  or  thickness 


included) . 


[lit  "bisi-  i ! i . • J I f > I r i ■ factors"  which  were  not  included  above 
u;e  t!  >.  i‘i in  d_;.  il . These  include  stupe  and  tide!  ness 
of  rued  r prafil.  ; Reynolds  Nurnbei  and  surface  i ojghness;  rudder 
angle;  tv;  ■ *.f  rudder;  location  of  rudder;  resp  .nso  of  ship  to 
rudd  ",  T u • ■ )e  numb  rate  of  laying  rudder;  immersion  of  fcp 
ad.  r «. ■ ’ ’ r;  i raximity  of  top  edge  of  rudder  to  shell  of  ship; 

goriti'  of  s!  .ft  axis;  tub  1 .1  cavitation;  rudder  aeration;  astern 
operation  of  ship;  type  of  rudder  drive  end  bearings. 

No  information  is  given  for  actual  calculations. 

Lastly,  tli.-  author  presents  a "Tentative  Program  for  Future  Work. 
This  program  is  as  follows: 

1.  Rcsiew  and  improve  theory  of  low-cspect-ratio  airfoils 
with  special  reference  to  rudders. 

2.  Develop  design  formulas  for  C|_,  CD,  and  C for 
commonly  used  rudders. 

3.  Establish  a rudder  atlas  which  includes  all  known  infer 
motion  on  rudders  thot  is  of  interest  in  Naval  Architecture. 

4.  Conduct  additional  tests  on  flap  rudders  to  obtain  free- 
stream  characteristics. 

5.  Design  and  test  a systematic  series  of  semi-balanced 
rudders  (horn  rudders.) 

6.  Explore  flic  field  of  unconventional  rudder  types. 

e- 


7.  Conduct  systematic  tests  to  investigate  tl'.o  effects  of 
hull  proximity  on  rudder  action. 

8.  Co:  fuel  syste:  .tic  tests  with  various  types  of  rudders 
to  c!ci'  inline  the  effec'  of  immersion. 

9.  Investigate  the  effect  of  end  plates  and  fences. 

10.  D.  • term  in-,  cavitation  incepti  n end  t f i c effects  of  well- 
deve loped  ra\  itation  on  forces  ana'  moment  Tor  rudder  forms  suitable 
for  high-speed  vessels. 

11.  Design  and  com  treat  one  o,  more  large  rudder-tost 
models  for  a systematic  investigation  of  the  hull-propeflei  rudder 
interaction  effects  including  the  required  instrumentation  for 
simultaneous  measurements  of  rudder  lift,  drag,  moment  and  angle 
of  model,  spaed,  turning  radius,  drift  angle,  effective  angle  of 
attack  and  v.oter  speed  at  the  rudder,  propeller  revolution,  thrust 
and  torque  . 

12.  Conduct  systematic  tests  on  the  special  manned  models 
according  to  carefully  pe  pared  pi  is  and  test  schedules. 

13.  Conduct  supplementary  tc.  !s  in  one  or  more  model  basins 
on  smaller  scale  models  using  the  n fating  arm  and  other  established 
technique;  to  obtain  the  effects  ci  independent  vuriutions  of  turning 
radius  anJ  drift  angle  and  the  effects  of  model  scale. 

14.  Design  a torsion  meter  feu  measuring  rudder  torque  on 
full-scale  ships . 


Il>.  !r  .•cstiqaie  hitlicrto  untried  methods  toe  measuring  t h< • 
lateral  f tee  on  a full-scale  rudder . 

16.  Conduct  full-seal  tests  on  o fe  w selected  ships  to  check 
th.  r>  ' -Its  obfoi*. in  the  spec  In  I test  mo  ' ■!  . 

Comnu  nt:  The  wrious  aspects  or  the  rudder-torque  problems  are  outlined  and 

hr  i tiy  discus  it .1 . 

The  fiist  torque  calculation  method  discussed  corresponds  to  the 
Joes:.  I method.  The  second  corresponds  to  that  embodied  in 
DT/.C'  deports  933  a. -.J  1461  (lolpin),  with  cither  the  graphs  of 
DTM8  °3  3 used  for  free  stream  characteristics,  cr  the  semi- 
Ci.ipirical  lifting  line  theory  includ  J in  the  same  report. 

No  solutions  to  outstanding  problems  are  given. 


Title: 


Sur,  me ; > : 


Conmei 


l 
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I.  Koromcheti,  1C.,  "Principles  of  Ideal-Fluid  Aerodynamics,"  1966 
6‘.;!ne-  rhoticon,  L.M.,  "Theoretical  Aerodynamics,"  1966 
3.  A ' Soft,  |.  ond  Von  Doenhcff,  A., ‘Theory  of  Wing  Sections,"  1959 

Note:  lire  above  three  references  ore  boobs  ond  iv..-’  all  sections 
were  reviewed. 


P.c.fer  : i v: v I describes  the  lifting  line  theory  of  Piano'll. 

Reference  7 describes  the  lifting  line  and  lifting  surface  theories. 

Reference  3 gives  some  theory  and  experimental  charcc1'  ristics 
of  wing  sections  of  all  types. 

1.  Lifting  line  techniques  may  break  down  for  aspect  ratios  less 

than  four. 

I 

2.  Lifting  line  techniques  ccr.not  use  anything  but  near 
rectangular  wing  section. 

3.  Lifting  surface  theory  can  'ncndle  any  aspect  rulio  or  wing 
configuration. 

4.  I lops  con  be  added  in  the  lifting  surface  methods. 

5.  Viscous  effects  should  not  L'e  important  (except  for  separation) 
except  for  possibly  flopped  wings. 


E-.c 


- ~ 

• ~V.  '*»*-  ■ 


195? 


lit!.  : 


Sum;.' a i y 


Abbott,  I.  !!.,  Von  Dot  nh  Tf,  A.  L'.,  "Theory  of  Winj  Sections," 
Chapter  I - The  Shjni ! icnce  of  Wing  S '"lion  Characteristics 
The  main  subject  of  this  chcpter  v.c.  in  presenting  the  semi -empirical 
lilling  I in  > techniqu  for  estimating  th  forcer,  end  moments  on  a wing. 
The  steps  of  Inis  rrr-ihad  aie  os  follows: 

1.  Assume  a n-locd  distribution  and  solve  for  the  corre  ponding 
c.'av/nv  •:') . (Tins  wi  II  c nsist  of  eve  leafing  tire  general  lifting- lift 
integral  equation.) 

2.  The  load  distribution  corresponding  to  this  c Iculafed  downwosh 
is  then  found  using  the  lifting  surface  equations  and  the  experimental 
wing  section  data . 

3.  This  lead  distribution  is  compared  with  the  assumed  distribution. 

4.  If  the  assumed  and  calculated  distributions  Jo  not  agree,  a second 
approximation  is  made  of  the  load  distribution. 

5.  The  process  is  continued  until  the  load  and  downwash  distribution 
ore  compatible . 

The  applicability  of  section  data  to  the  pro  fiction  of  the  aerodynamic 
characf eristics  of  wings  is  limited  by  the  simplifying  assumption  made 
in  the  seed -empirical  lifting  line  theory  that  each  section  acts  inde- 
pendently of  its  neighboring  sections  except  fur  the  induced  downwesh  . 
This  required  two  dimensional  flow,  that  is  , no  variation  of  section, 
chord,  or  lift  along  1 span.  This  can  have  significant  effects. 
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Also,  if  is  c::su  . ■ u that  flic  lift  distribution  is  elliptical,  whicli  re- 
sults in  cons!  ont  c!r  v.'n  vasli  along  the  wing.  In  addition,  variation 
of  do  iv.ash  along  the  chord  was  neglected.  This  latter  problem  is 
avoid-  d by  lifting  surface  theory. 

Experience  ho:  own  that  usable  results  are  obtained  from  lifting  line 
theory  disco  .tinuiti  s ur  rapid  changes  of  section,  chord,  or  twist  are 
present,  ond  if  the  wing  has  no  pronounced  sweep.  These  conditions 
are  not  satisfied  near  the  wing  tips  or  near  the  extremities  of  partial 
span  flaps  or  deflected  ailerons.  The  section  do' a arc  not  applicable 
to  low  aspect  rctios  . 

Comments:  The  above  theory  is  most  probably  applicable  to  enflapped  foils  of 

moderate  taper  and  sweep  of  aspect  tatio  ~ 4.  Therefore,  wing 
section,  data  and  its  use  in  the  lifting  line  theory  is  not  useful  for 
purpv.-  of  designing  ship  control  surfaces.  It  shojld  be  noted  that 
the  lifting  line  and  lifting  surface  rigorous  calculation  theories  in 
use  today  do  not  make  use  of  experimental  section  data  but  instead 
solve-  the  corresponding  boundary  valve  problem  numerically. 
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Allot',  I . , Von  0.  r.!ic/f , A.  , "Theory  of  V'l  n.j  Sc  c tio . . , " 195?. 

Chapter  7 - Experimental  Chen  Kterisfics  of  V'ing  Sections 

I.  Experimental  Procedures 

A.  Tests  with  finite-aspect -mtio  wings. 

This  method  of  testing  is  I : nporca'  h,  ti  c Jiff  .lilies  of  obtaining 
full-scale  values  of  the  Reynolds  nur  ! ■ i and  s ft’  .lently  low 
oir-sti earn  I uj  .Jenci  to  Jjplicute  ilh.ht  conditions  propeily 
without  excessive  cost  f:v  equips . nt  and  models  , 

B.  Two-Dimensional  lusting 

With  this  method  wine  sections  can  1 ■.  tested  i;>  a tw.  -dimen- 
sional flow  at  large  Reynolds  numbers  in  on  air-streem  cf  very 
low  turbulcn. • , approaching  that  cf  the  otmorph.  . The-  wing 
section  data  discussed  here  was  from  this  type  of  test. 

II.  Standard  Aerodynamic  Characteristics  - All  re. alts  to  :-'iibed  below 
are  foi  a lar.o  cioss  section  of  NACA  wings. 

A . I.ift  Character istics 

I . Angle  of  Zeno  Lift  - Largely  determined  by  the 
camber.  Tire  thickness  ratio  appears  to  Irave  little  effect 
on  this  . 

2.  Lift-Curve  Slope-  This  \uries  primarily  with  the 
thickness.  No  systematic  effect  can  be  seen  for  changes  in 
Reynold's  number  from  3 x 10^  - 9 x 10^. 


/ C 


t 


Pg.  ? 


"5 

3.  Mo  .i'TUJin  Lift  -•  This  varies  v/illi  thiol  ness  and  Reyt  aids 
number  , Different  NACA  sections  Ixhave  differently  with 

Re;  t'  I 3 number  NACA  03  four  digit  scries  (as  used  for  slrip 
c.  ’ o!  surfaces)  show  !i  (tie  change  with  Reynolds  number 
(f  yr raids  numbers  between  3 x 10^  and  9 x ic/  for  ,12c  thick- 
nos  are  shown  onl .) 

4.  Effect  of  Surface  Condition  on  Lift  Characteristics. 

Surface  roughness,  especially  (rear  the  leading  edge,  has  a i 

larco  effect  on  ti  e liti  of  wing  sections.  The  maximum  lift 
coefficient  decreases  progressively  with  increasing  roughness. 

The  lift  curve  slope  decreases  with  increased  roughness,  es- 
pecially for  thicker  sections  (over  18  per  cent  thick.) 

B.  Drag  Charact  ristics 

I . Minimum  Drag  <J  Smooth  Wing  Sections  - This  is 
shown  to  have  little  variation  w th  Reynolds  numbers  between 
,4  x 10°  and  7 x 10^  for  NACA  00-  sections. 

2.  Variation  of  Profile  Dreg  With  Lift  Coefficient  - 
Most  of  flic  variation  of  drag  v.i  th  lift  for  wings  of  finite  span 
results  from  the  induced  drag  coefficient,  which  varies  approxi- 
mately os  the  square  of  tiro  lift  coefficient  for  a gi\en  wing 
configuroli  on  . 


Tl»  o suLjiv'  look  is  c f<  mous  writing  ond  contain:  muck  experiment  '.I 
dole? . 

lit.’  two-dimensional  model  testing  technique  outlined  is  not  very  use- 
ful for  small  aspect  ratio  ccmtiol  surfaces.  The  expense  and  turbulence 
factors  ; um  to  hove  limited  the  deve  lopment  of  high  Reynolds  numb  ’r 
foil  data . 

Reynold:  n jr  ,ber  is  shown  to  affect  the  maximum  lift  only.  Although 
generally  the  maximum  lift  is  increased  for  larger  Reynolds  numbers, 
in  the  case  of  NACA  f~-  senes'}  airfoils,  the  effects  seem  neglegible 
(it  is  not  known  how  r >uch  data  backed  this  up.) 

Since  the  lift  curve  slope  is  not  altered  by  Reyna! Js  number,  and  stall 
is  not  considered  in  ship  control  surface  design,  it  appears  that  the 
effect  of  Reynolds  number  on  lift  can  bo  negleted. 

Because  of  the  above,  cmd  since  the  greatest  variation  in  drag  is  due  to 
the  induced  drag  (potential  and  not  viscous),  it  appeals  that  the  drag 
and  litr  characteristics  of  ship  contiol  surfaces  can  be  predicted  without 
considering  viscous  effects.  However,  nothing  has  been  mentioned  with 
respect  to  the  variation  of  d;og  y.s.  angle  of  attack  for  various  Reynolds 
number.  This  is  important  for  center  of  pressure  cal  culat  ions . 


■ 'f*c : Lon  t Oi  • r T u , MAri  Irr.  , :ovr  c!  Nonlint  nr  Lifting-!  irie  Theory" 

AIAA  Journal,  May  1973 

Suj  kji  This  th  i pn  ntj  on  Jm;  ov<  ment  over  Prondtl's  lifting  line 

thcor>  for  non-li.  o.  section  lift  cun.es. 

Con  r>  Since  convent  io.  :il  strip  eonfiol  surfaces  do  not  have  non-linear 

Section  lift  curve  , tiii;  method  is  not  of  importance. here . 


Tit  I * : 


Sumo 


.'T!-irv : 


Ting,  L.;  Lui,  C.l!.,  " Inf*  , m-rence  of  Win^  and  Mulfipropellcrs, " 
AIAA  Journal  Vo  1 . 10,  No.  7,  July  1972 


A method  h pt  ■«  ntud  for  determining  ihe  properties  of  wings  in 
conjunction  with  propetlei  streams . The  propeliei  str<  ■ need 
not  be  uni  f i m . 


The  method  t .akes  u.c  of  P.ondtl’s  lifting  line  theory  for  the 
overall  calculation.  The  assumption  is  mode  that  the  rodius 
of  tlie  propeller  and  the  chord  are  of  the  same  order  and  Loth  are 
much  smaller  than  fire  span. 


Cone  rents:  This  presentation  shows  how  a non-uniform  inflow  can  be 

considered  while  computing  the  properties  of  a wing. 


The  basic  procedure  involves  the  lifting  line  theory,  which 
shows  some  breakdown  at  small  aspect  ratios  ( <~  4 ). 


T i I I e : 


Longon,  T.J.,  Wong,  H.T.,  "Evaluation  of  Lifting-Surface 


Programs  for  Com;  ting  the  Pressure  Distribution  On  Plo  iai  Foils 
In  Sited/  Motion,"  NSRDC  Report  4021,  May,  1973. 


I 


Summary:  The  pressure  diffort  o forces,  one  moments  on  the  some  two 

wings  (on  tap. -reel  end  the  other  swept  with  no  toper;  botii  with 
aspect  ratij  of  5)  in.  steady  subsonic  flow  w.re  computed  l>\  IS 
different  programs  (mostly  from  the  aeronaut ical  field)  ond 
compared  with  each  ether  and  experirr.  n!<  ! dale. 

Sor  e of  the  progrems  showed  diffcretices  frem  the  experime nfol 
results  which  were  less  than  experimental  accuracy.  It  should 
be  noted  that  although  some  of  the  programs  could  account  fwr 
thichness,  this  was  not  included  in  that  all  progi  ,s  solved  for  the 
potential  flow  around  an  infinitesimally  thin  wing.  The  authors 
the  mselver  stated;  "Our  limited  ic.  jlls  support  th>  use  of  lifting- 
surface  programs  for  the  design  of  wings,  at  least  for  computing 
the  overall  wing  cor fficients  . " 

Execution  times  on  different  computers  were  also  noted. 


i 
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Comments:  Tlie  co'.  put  at . i that  wos  done  by  coch  program  in  the  report 

v.c,  that  of  d termining  the  free  stream  charactei istics  of  lire 
p;i  !ici  ; :r  v.  ino  configur otion.  This  is  wlmt  is  accompl ished 
I)/  D7  M f Report  933  for  tin  preset  t proof  Jute  for  spade  ty[ 
SOI  faces  . 

I acausc  the  dc'c.ils  of  cceh  particular  program  were  not  given, 
it  can  not  be  determined  what  full  capabilities  can  be  derived 
from  the  methods  discussed.  The  programs  which  showed  good 
results  will  be  further  investigated  to  determine  to  what  detail 
a conticl  surface  can  be  described,  v.ith  the  hope  that  both 
spade  and  flopped  type  control  surfaces  can  be  modeled  for 
any  speed.  This  could  ultimately  give  accurate  free  stream 
characteristics  for  any  control  surface. 

Tlie  unsteady  flow  problem  was  not  discussed. 

The  computer  execution  times  noted  indicate  the  theoretical 
procedures  con  be  within  economical  considers  ions . 


3 

Wong,  Henry  I "Comprehensive  Evaluation  nf  Six  Thin  Wing  Lifting 
Surface  Compute!  Progicms,"  NSRDC  Repoit  (to  be  publi  bed). 

The  r port  describes  a comprehensive  cvaluoti  . of  six  thin  wing 
(although  some  ' ivc  thick  wing  capabilities)  lifting  su;foce  coinputor 
pro  "ims  for  steady  subsonic  fiow.  Sixty  two  planform  cost-s,  eighteen 
camber  coses,  an  ' two  flap  cos  were  const.1  icd . Th  c.pect  ratio, 
were  from  1-12,  s >.  p cf  the  quarter  chotd  line  from  0 to  d5  degrees, 
and  taper  ratio  from  0.0  to  1.0. 

The  programs  compared  and  o bri  f description  of  their  cb  .htionol 
attributes  is  given  below: 

1 . Mcrgason-Lamar  Program  (NASA  Langley) 

Experience  with  this  program  shows  that  the  overall  aerodynamic 
coefficients  have  converged  to  at  least  two  and  possibly  three  figures. 

Titis  program  con  also  deal  with  the  cose  of  a wing  with  dihedral  and 
the  case  of  a wing  in  the  presence  of  another  wing  or  tail . 

2.  Lopez-Shcn  Program  (McDonnell  Douglas) 

In  addition  to  the  thin  wing  problem  considered,  this  program  can 
handle  wings  with  a jet  sheet  of  varying  strength  issuing  along  the 
trailing  edge. 


AS“ 


- - 1 

3.  Tulinius  Pr  oyram  (North  American  Rockwell) 

Thi,  program  can  account  for  wing  ihickn.  .s  as  well  os  the  | sence 

of  o fuselage . 

- 

4.  Handler  Program  (Ennim  eiirin  P search  Associates) 

This  p ionium  v as  written  to  analyze  hydrofoils.  Thus,  it  allows  for 
free  surface  and  Proude  number  effects.  Thickness  effects  are  ac- 
counted for  in  a linearized  sense,  in  that  at  infinite  depth,  thickness 
does  not  affect  lift  but  serves  only  to  determine  the  pressure  distribu- 
tion over  the  foil.  This  is  needed  for  cavitation.  Mo.rc  recently,  the  i 

program  has  been  expanded  to  analyze  a hydrofoil  with  pod. 

5.  Lam  r Program  (NASA  lanaley) 

6.  Wagner  Program 

The  first  five  programs  were  used  because  they  gave  good  results  in 
NSRDc.  Report  4021.  The  lt  d program  above  was  added  to  the 
previous  list . 

Fxcepl  fot  the  handler  program  and  to  a lesser  degree  the  Lopez-Shen 
program,  the  programs  showed  generally  good  agreement  in  the  plan- 
form  cases  with  low  sweeps.  The  Tulinius  results  are  in  closer  agree- 
ment with  experimental  results  for  winy,  with  quarter-chord  sweep  up 
to  about  40  degrees,  while  the  reverse  is  true  at  larger  sweeps.  The 


lift  coeKicit  nt  is  usually  predicted  to  within  four  percent.  This 
difference  is  net  sub;tcr  'i-jlly  or  eater  than  the  difference  due  to 
m'.c"  . ;.im  techniques,  changes  in  Reynolds  number,  cr  changes  in 
airfoi i S'  f ion . 

The  age  ;>t  nt  be. ween  experimental  results  ond  computer  pre- 
diction is  quite  poor  for  the  two  flap  cases  considered  in  the 
report.  More  flap  cases  should  be  considered  in  order  to  more 
clearly  ascertain  the  accuracy  of  the  program  for  these  cases. 

(The  flaps  were  on  triangular  wings.) 


Considering  both  accuracy  and  computer  time  requirements,  the 
author  recommends  the  Tulinius  Program.  The  ether  three  programs 
that  showed  good  results  rate  os  a second  choice  principally  due 
to  somewhat  longer  computer  time. 


Comments:  The  results  of  the  paper  dr  onstrafe  that  if  is  possible  for  present 

lifting  suifacc  th  ory  programs  to  compute  the  hydrodynamic  (or 
aerodynamic)  characteristics  of  certain  control  surfaces. 

It  is  obvious  that  more  Comparison  and  possibly  some  additional 
work  on  the  theory  is  (’ceded  before  c;  neral  use  is  made  of  them 
for  ship  related  problems. 
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Comments:  The  computation  that  wos  clone  by  each  program  in  the  repotl 

was  that  of  determining  the  free  stream  characteristics  of  the 
particular  wing  configuration . This  is  what  is  accomplished 
by  DThAB  Report  933  for  the  present  procedure  for  spodc  type- 
surfaces  . 

Because  the  details  of  each  particulai  program  were  not  given, 
it  con  not  he  determined  what  full  capabilities  can  be-  derived 
from  the  methods  discussed.  The  programs  which  showed  good 
results  will  be  further  investigated  to  determine  to  what  detail 
a control  suiface  can  be  described,  with  the  hope  that  both 
spade  end  flapped  type  control  surfaces  can  be  modeled  for 
any  speed.  This  could  ultimately  give  accurate  free  stream 
characteristics  for  any  control  surface. 

The  unsteady  flow  problem  was  not  discussed. 

The  computer  execution  times  noted  indicate  the  theoretical 
procedures  can  be  within  economical  considerations. 


I 


Summary: 


Tuliniui,  "Theoretical  Pn  Jictic  ,5  of  Wing  - Fuselage  Aerodynamic 
Cir.  ;<j : ■ • ,Wu  •>  ct  Sulwcnic  Speeds,"  No:fi>  American  Rockwell/  Serial 
No.  NA-69-7C9 . 


A nefhod  is  [ esented  to  predict  the  aerodynamic  characteristics  of  a 
winq-fuselo  combination  of  subsonic  speed. 


E >fh  the  wing  and  the  fusel  ge  can  I e of  arbitrary  shaj  e,  provided  th 
surface  gradients  ere  smooth.  Tlie  wing  geometry  con  include  full  or 
pertiol  spar,  flops  on  both  the  leading  and  trailing  edges.  All 
interference  efft-  .ts  between  the  fuselcg.,  wing,  and  flap  geometry 


are  included . 


The  pro  a;r,  considers  only  potential  flow  (i.e.  no  boundary  layer 
or  separated  flow) . 


The  analysis  is  sc  :h  that  it  can  be  extended  to  account  for  wing  thick- 
ness, horizontal  and  vertical  tails,  nacelles,  and  pylons.  It  could 
also  casilv  be  extended  to  cccount  far  antisymmetric  wing  and 
fuselage  loadings  due  to  the  roll  . 


Comments:  Apparently  t fie  program  can  accept  a body  with  control  surfaces  with 

antisymmetric  loading.  Details  of  the  program  are  not  known. 


This  program  gave  goad  results  when  con-, pared  to  others  by  Wang. 
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Title: 


Drad!  ey 


Sui  H it y : 


Comment: 


, R (>.,  Miller,  B.D. 

{ > Airplane  ConfipuP  'ions," 


, "Application  of  Finite-Element  Theo 
J.  Aircraft,  VoL  0,  no.  6 June  1971. 


The  authors  con.;  o,  the  calculated  pr-  sure:  and  so:  . lift  ond 
fir.;,.  •■'{  e : i . > ’ from  the  Woodward  arid  Hague  "finite  Element 
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put  r frogr 

::n  fo. 

r ll.  Aerodynamic 

Analysis  a: 
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g-Body-Tail 
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hi  na!  i •"1  Subson 

in  and  Sup: 
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■reds" 

(Guicro!  Dynamics  Corp.)  with  experimental  results.  The  com- 
puted end  experimental  quantifies  ore  for  two  supersonic  war  - 
planes  al  Loth  subsonic  and  supersonic  speeds,  fhe  results  show 
good  agreement . 

The  authors  note  that  the  col  cu  lot  ions  for  on  of  the  airplanes 
required  on'  hour  on  an  IBM  360  model  65  computer.  The  authors 
also  point  cut  that  ct  the  present  time  tire  use  of  the  finite-element 
approach  is  not  a push-thi -button  task  but  instead  involves  insight 
in  the  theory  limitation  in  order  to  accurately  apply  tire  numerical 
method  to  complex  conf  motions. 


The  paper  considers  the  finite-element  approach  as  opposed  to 
the  collie  dion  approach  to  numerical  lifting  jtulace  theories. 

The  comparisons  with  experimental  results  indicate  that  the  finite 
clement  approach  con  model  complex  wing-body-tail  combinations 
with  good  accuracy. 


£- 


Loftin,  L.  K . Jr.,  Dursuol  I , V/.  J . , "Tlic  tifftcts  of  Variations 
in  Reynolds  Norn'.  r between  3.0  >■  If/  and  25.0  x 10  Upon  the 
Aerodyi.  n ic  Cnaracit  istics  of  a Number  of  NACA  6>  - Scries  Airfoil 
Sect!  ■ NACA  Report  964. 

All  ie-'s  were  done  in  a two  dimensional  wind  tunnel. 

An  investfg  ••  I >n  s carrie  1 c >1  to  determine  the  aerodynamic  chan  z- 
tcrir.ti  of  a number  of  sysfc  motically  varied  NACA  6-scries  cair.bc  reo 
airfoils  at  Reynolds  numbers  o:  15.0  x 10*"  - 25.0  x 10  , ond  v.  :io  com- 
bined with  the  r*  suits  from  another  source  for  Reynolds  numbers  be- 
tween 3.0  x ID6  and  9.0  x 10^  . The  thickness  of  the  airfoils  was 
varied  between  6>  and  18  per  cent  of  chord. 

The  most  important  conclusions  were  that  minimum  drag,  section  lift 
curve  slope,  and  the  angle  of  zero  lift  showed  very  little  change  with 
increasing  Reynolds  number.  However,  maximum  lift  and  the  varia- 
tions c f drag  with  lift  did  show  variation  with  Reynolds  number. 

Throughout  th  range  of  Reynolds  numbers  tbc  values  of  the  lift  curve 
slope  for  smooth  sections  was  very  close  to  that  predicted  by  thin 
airfoil  theory,  even  for  thick  sections. 

Maximum  lift  results  showed  different  variation  with  Reynolds  number 


for  different  thicknesses . 


l'he  d:  n.  suits  indicated  ti.  it  for  Reynolds  numbers  bclv*  en  3.0  >.  10 
an  ! 9.0  x 10  the  d:oy  decrees  J with  increasing  Reynolds  nun  -.r, 
foi  the  same  lift  coefficient.  For  Reynolds  n bor  alow  9 x 10  , 
further  increases  in  the  Reynolds  number  did  not  have  appreciable 
effects  upon  the  o',  <g. 

Thu  u j'l.  ! s feel  that  any  ccn.p'  . ison  of  airfoil  maximum  lift  charac- 
teristics can  be  me  le  only  if  the  data  for  the  group  cf  o.irfei!s  under 
consideration  are  available  cl  the  same  Reynolds  nurnl  :r.  The 
choice  of  on  optimum  airfoil  for  maximum  lift  for  a give  application 
therefore,  must  le  determined  fi  m data  corre:,  ondir.g  to  the  opera- 
ting f,  ynolds  number  of  the  application. 

Comments:  Since  the  slope  of  the  lift  curve  does  not  vary,  the  maximum  lift 

changes  with  Reyn.  Ids  number  do  not  affect  slip  control  surfece 
design . 

Since  the  drag  deaeases  as  Reynolds  number  is  increased,  for  lov  er 
Reynolds  nubers  as  indicated  above,  it  is  possible  that  in  the  current 
use  of  DTiV.B  933  to  extrapolate  to  much  higher  Reynold-  members, 
there  is  cnor  in  the  estimation  of  drag. 

Since  the  lift  is  independent  of  Reynolds  number  for  ship  control 
5ui  faces,  and  at  high  Reynolds  number  the  diag  does  not  vary  appro- 


Hm  me,  II.  , "Design  of  5! ilp  Ruddeis,"  DTMC  1 r nslation  321. 


Comments:  This  paper  is  of  limited  use  in  the  revision  of  the  current  d<  ign 

procedure;  however,  it  does  present  same  experimental  icsults 
concerning  matters  rclatid  to  the  design  procedure.  Result 
for  square  plates  for  various  Reynolds  numbers  end  thickness  to 
length  latios  ore  given,  The»e  could  be  correlated  with  Jot.sel's 
data . 

The  effect  that  rudder  shape  has  on  the  force  coefficient  for  various 
aspc-ct  ratios  is  given.  The  indication  is  that  the  force  coefficient 
varies  greatly  at  low  aspect  ratio  and  t ! kj t sectional  shape  has  a 
large  influence  on  the  force  coefficient. 

Also,  the  report  indicates  o large  difference  in  transverse  force 
coefficient  (lift  cocftivc lent)  with  rcsp<\;t  to  R<  ynolds  number. 


Title: 


Kerwiri  Justin  F.;  Monde  I Philip;  Lewis  S.  Deon; 

"An  ExP<  limental  Study  of  a Series  of  f lapped  Rudders"; 
Journal  c f Ship  Research,  Dec.  1972. 

Summary:  This  pap  r describes  a series  of  wind  tunnel  tests  on  twelve 

flapped  ladders  to  determine  the  lift,  drag,  rudder  moment 
and  flop  n ament  coefficients.  Variations  are  made  in  the 
amount  of  flap  area  and  flop  balance.  A comparison  is 
made  with  cl  I moveable  rudders,  fixed  skegs  with  flcps  and 
moveable  skegs  with  a flap. 

The  paper  concludes  that; 

(1)  Root  gap,  flop  gap  and  type  of  wall  mounting  have  a 
significant  effect  on  experimental  rudder  hydredynam 
characteristics . 

(2)  Large  flops  with  fixed  skegs  con  yield  maximum  lift 
coefficients  nearly  as  large  as  those  of  spade  rudders 
but  at  the  expense  of  increased  drag  and  torque. 

(3)  The  size  of  the  flop  between  20  percent  and  50 
percent  of  the  total  rudder  area  has  little  effect 
on  maximum  lift . 

(4)  Maximum  flop  hinge  moments  ore  much  less  than  the 
maximum  rudder  moment  acting  on  the  spade  rudder. 


e-is’ 


Com:  .!  .-,fs:  This  paper  is  interesting  for  iis  contribution  to  the  bom  rud  der  and 

stern  (lap  with  stabilizer  design  procedures.  Unfortunately  it  is 
in. practical  to  rr.aho  a direct  comparison  Ik  tween  the  data  in  this 
repoit  and  the  pres'  >t  design  procedures  since  lire  Reynolds 
numb  is  in  a different  range  and  the  height  to  chord  ratios  for 
the  rudders  used  in  this  report  ore  much  higher  than  those  used 
in  Report  "915  ).  r tire  horn  rudder. 


Windsor,  R.  i "Effects  of  Strccmwi:.  Gups,  Hull  flow 
cik!  Propeller  $li,-treum  Upon  flic*  Acrodyt-  ninic  Charac- 
teristics of  A Fc.miiy  of  Low-Aspect -Ratio,  All  Moveable 
Co:. !;r. I Surfaces;"  University  of  Maryland  Report  No.  405; 

M.  ’rch  1968 . 

The  control  surfaces  used  ir  thl  re;  >r1  h I the  NAC  ' 9 H5 
cirfoil  section,  square  tip  end  taper  ratio  of  0.45.  Tests 
are  run  for  effective  aspect  ratios  of  1,  2 air  cl  3 and  quarter 
cl  ord  angles  of  0,  II  and  22.5  degrees  for  faired  gaps  up 
tc  40%  of  the  planfcrn  mean  chord.  Thrt.  different  test 
series  were  run: 

1.  Free  stream  gap  effects. 

2.  Gap  with  simulated  hull  flow. 

3.  Combined  hull  flow  and  slipstream  effects 
for  minimum  gap  configurations. 

The  conclusions  reached  for  free  stream  cap  effects  are  as 
fol  lows: 

I.  Because  theoretical  considerations  disregard 
the  effect  of  visiosity,  the  gap  effects  upon  lift  and  drag 
was  considerably  less  than  theory  would  predict.  The  theory 
they  refer  to  was  taken  from  work  performed  in  the  early  l?50's 


r 


----- 


2.  Aspect  futic.  appears  lo  have  no  bearing  on 


I 


\ 
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the  gap  effects . 

3.  This  is  a change  in  g effect  with  sweep 
angle  - the  S'.  ..Iter  the  angle  the  greatm  the  change  in 
the  gap  effect . 

4.  Maxi,  iurii  g :p  effects  occurs  with  snsa 1 1 gaps 
and  these  < fleets  dimenishing  with  increasing  gap  size. 

5.  Although  there  is  not  much  experimental 
evidence  to  support  Inis,  the  experimenter  feels  the 
boundary  layer  thichi  ess  may  change  the  region  of 
maximum  gap  elfects. 

The  conclusions  reached  for  the  gop  effects  with  the  simu- 
lated hull  are  as  follows: 

1.  As  is  expected  the  lift  c ••efficient  increases  as 
gap  size  increases  dee  to  the  effect  of  the  velocity  gradient 
for  the  sim. dated  hull  flow. 

2.  Th  e gaps  effect  on  CP-  , drag  and  span  wise 
center  of  pressure  are  very  close  to  those  effects  in  the 
freestream  condition. 


In  the  final  test  sorb  > a propeller  was  added  in  the  slipstream 
to  the  simulated  hull  flow.  The  following  conclusions  ore 


reached: 

I . The  chordwlse  center  of  pressuie  moves 
oft  ssilh  an  increase  in  quarter  chcid  sweep.  The  maxi- 
mum shif  is  2%  of  chord  for  a sweep  angle  of  22.5 
degrees.  This  si,ifl  rcrul'  from  the  velocity  gradient. 

2.  There  is  a slight  in!  rare1  shift  of  the  spanwise 
cen  t , of  pressuie  f - the  as,  jet  ra'Io  2 surfaces  and  a slit:1'.* 
outboard  shift  for  the  aspect  rv.tio  3 surfaces. 

3.  Increased  slipstream  velocity  overcomes  tlu 
reduced  velocity  of  the  hull. 

4.  Slipstream  twist  overcomes  tire  effect  of 
hull  flow  angularity . 

5.  The  stall  angle  is  increased  in  the  slipstream 
by  3 - 6 degrees  for  every  trial  . 

6.  Chordwisa  and  granwise  center  of  pressure 
locations  vary  considerably  for  different  aspect  latios 
and  with  angles  of  attack,  The  cause  for  these  shifts 
is  ui , known  . 

Comments:  These  experiments  are  too  limited  in  scope  to  provide  a 


tool  for  tire  prediction  of  rudder  torque.  This  is  particulaily 
true  foi  the  portion  of  the  experiment  which  involves  full 
effects  and  slip'fream. 


Summa  i y 


Windsor,  K.  I.,  "Lffccts  or  on  Underwater  Hull  on  il.v  H/Jrodyn 
Characteristics  cm  o Series  cf  Control  Surfaces,"  University  of 
Maryland  Wind  Tunnel  Report  No.  660, 

Thi:  report  d : • ol  . a series  ol  e | merits  which  determine  the 
effe  I fan •'  arine  hull  on  its  control  surfaces.  The  geometric 
ch  . . 1st  of  I conti  I surfa<  s m<  ' ! ore  given  below. 
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The  submarine  hull  tested  v as  the  SSN637.  Two  series  of  tests 
were  run  with  the  control  suifaces  desciibcd  above,  the  free-streom 
test  and  tests  for  the  control  surface  at  various  locations  on  the  hull 


Tlte  tJ'iin  plots  developed  show  force  coefficients,  moment  coefficients, 
cno  sponwise  end  chordwirc  cento/  of  pi essure  versus  a ng I e of  ottack. 
The  foils' wing  conclusions  were  reached  for  the  free-slrearn  tests, 

1,  Lift  curve  slope  increases  with  increasing  aspect  ratio. 

2.  Chordv/ise  center  of  pressure  (CP^)  moves  forward  with  in- 
creasing aspect  ictio. 


3.  Cf’c  {navel  with  changes  in  ottack  angle 


-•  ana  deci coses  as 


aspect  ratio  increases, 

A.  Maximum  lift  coefficient  increases  with  increasing  taper 
ratio  except  for  aspect  ratio  I surfaces  where  this  coefficient  is 
essentially  constant, 

5.  CPc  moves  erft  slightly  with  increasing  taper  ratio. 

6.  Spamvfse  center  of  pressure  moves  outboard  with  increasing 
taper  ratio. 

7.  For  aspect  ratio  = I suifaces,  lift  curve  stoprinerr  ases  with 
increasing  taper  ratio. 


Some  comparisons  were  made  between  a NACA  0320  and  NACA 
0315  airfoil  profile. 

1.  The  maximum  lift  coefficient  is  lower  for  0020  suifaces. 

2.  Lift  curve  slopes  arc  lower  for  0020  surfaces. 

3.  Chordwise  center  of  pressure  for  the  0020  surfaces  is  consis- 
tently 2-43=  forward  of  the  corresponding  0015  configuration . 
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Ihe  foilo'.vi,  conclusion;.  wore  reached  whan  tests  were  run 
for  hul  i «-f feel's , 

1.  Presence  of  *!  hull  enures  choidv.ise  confer  of  pressure 
So  move  forv.  id  r rne  trailing  edge  down  condition. 

2.  littiec:  no  f !.-:r.ge  in  Cf^  for  trailing  eJye  up. 

3.  / '.ax in.  j *.  !i;f  coefficient  r!. -creases  in  flic  presence  of 
the  hu1!  . 

4.  CP^-  moves  futlh  forv.ord  ‘ ■ fhc  high  fuirwaler  plane 
position  for  trailing  edge  do .vn  condition, 

5.  large  shift  in  drag  curves  fer  cspeci  ratio  AR  = I surfaces. 

The  sh  is  in  drag  coefficients  for  AR  I are  prob  -My  due  to 
streamvise  gap  effects.  The  gaps  for  the  larger  aspect  r.  1 :■  foils  was 
much  smaller. 

There  is  ! I f f 1 c or  no  change  in  the  coefficient  measured  for 
changes  in  position  of  the  centre!  surface  on  ihe  hull. 

In  genera!  it  could  be  said  that  submarine  hull  effects  and  fairwafer 
plane  position  have  only  small  effects  on  the  lift  and  drag  cl>aracter- 
istics.  The  data  should  be  studied  to  sec  if  the  present  center  of 
pressure  error  allowance  for  fairwafer  and  stern  phones  is  adequate, 
although  the  data  should  tie  used  with  caution  since  some  of 
the  CP-  values  are  considered  questionable. 


Title:  Taggart,  R.,  Levine,  G.H.,  Stevenson,  M.,  "Design  PrccJiclion 

of  Steering  Sysl-  Torques,"  NAVStC  Report  under  Contract 
N00024-68-C-545-',  September  1969. 

Summary:  In  tin:  raporl  t!:r  autlvs  at  h mpt  to  reproduce  measured  steering 

peer  t ;uc  of  I he  Dr.  1040  c.!c  s cr  Destroyer  Escort  for  which 
a v.-c  dt.i  of  full  scale  maneuv  ,inn  c ia  end  numerous  steering 
system  meosur.  munis  oie  available.  To  reach  this  end  they  develop 
a sieving  system  to  que  prediction  procedure  which  includes  ship 
motion,  propeller  effects,  mechanical  and  hydraulic  system  effects, 
and  rudder  hydre dynamic  characteristics.  They  feel  that  tin  full 
scale  d..to  measured  was  duplicctcd  to  acceptable  accuracy  by  then 
procedure . 

finally  the  authors  recommend  before  their  procedure  is  used  for 
future  designs,  it  is  essential  that  it  be  evaluated  on  a number  of 
other  classes  of  ships.  This  evaluation,  they  say,  is  needed  both 
tc  check  the  validity  of  several  of  their  assumptions  and  to  perhaps 
reduce  the  complexity  of  t!  e calculation  procedure.  Specifically 
they  recommend  additional  studies  be  carried  out  to  learn  more 
about  the  performance  of  rudder-shaped  hydrofoils  in  non-uniform 
flow . 
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Tit!'  : 


Windsor , RichoidA.,  "Wind  Tunnel  Test  of  An  rquivolent  Flap,  _d 
Control  Surface  of  the  SS(N)  593  Stobi  lizor  and  Siern  Plane," 


(Jniveisity  of  /Maryland  Wind  Tunnel  P.c,  it  No.  302 

Suir.maiy:  Wind  tunr.N  tests  were  conducted  on  an  equivalent  flclppcd  cer.  :! 

surface  o!  tire  SS  (N)  093  stabilizer  and  stern  plane.  The  funnel 
tests  were  conducted  to  obtain  total  lilt,  drag,  normal  fc.ice  end 
pilot  ling  moment'  coefficient,  flap  hinge  moment  coefficient,  and 
spemwise  and  chorclwlse  center  of  pressure  for  flap  angles  up  to  40°. 
Tests  were  run  where  the  coefficients  above  were  measured  for  the 
complete  centr*  ! surface  and  then  were  measured  for  the  flapped 
portion  alone . 


Comments:  The  data  in  this  report  is  of  limited  use  in  cur  study  since  it  treats 

only  one  stern  plcneof  o given  flap  urea  , aspect  ratio,  Reynolds 
number,  and  flap  balance  . Since  the  scope  of  the  tests  is  so  narrow, 

I r the  data  could  not  be  used  os  a cf.  sign  tool . 

One  possible  use  of  this  data  would  be  to  use  the  physical  characteristics 
ot  t lie  siern  plane  in  a calculation  pioccdure  to  sc-  H the  results  pre- 
dicted by  calculation  agree  with  the  icst  results  of  this  report . 

f ! 
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The  a s present  o system  design  approach  to  the  problem  of 
ship  m int  uve  inj.  Unfoitunof  *-ly  t.  any  aspects  of  this  pro!  '•!<  • i 
are  of  such  o nature  that  they  cannot  bo  presently  described 
accurately  b)  the.  ,y  or  formula  (i.o.  ship  motion,  rudder 
hydrodynamic  torque,  propeller  wol  , propeller  slipstream, 
etc.),  so  that  considerable  built  up  error  con  be  encountered  in 
such  a system  approach.  Also,  ri.e.iy  of  the  thcor!  s end  fan  ,J 
presented  by  the  authors  appear  to  indicate  a limited  search  cf 
available  works  in  the  respective  areas,  and  some  assumptions 
ore  m.  ,u  without  sufficient  justification. 

Since  the*  detail  calculation  deals  with  only  one  class  of  strips, 
no  general  conclusions  can  be  mode. 

The  authors  do  no!  present  any  criteria  for  rudder  size,  location 
shape,  angle  of  attack,  type,  or  inflow  velocity.  Instead,  they 
feel  an  initial  design  should  be  guessed  at  and  then  verified 
by  the  procedure#  with  all  necessary  quantities  determined  by 
the  systemized  proem!  re.  DTMB  Report  933  is  still  recom- 
mended for  lift,  drag,  and  center  of  pressure  of  rudders. 


It  is  conclud  f that  altho  *h  fins  report  indicates  most  of  the 
cent  id  ratio.,  involved  in  the:  ship  rnancuv  ring  problem  end 
indicates  a possible  design  procedure,  because  of  the  luJc  of 
t’  'c:efical  and  c: ■ perirnentol  backup  that  is.  presently  available 
f/.v  procedure  cannot  be  used  for  present  design  per,  .s. 

The  resear  . 1 the  authors  recommend  for  rudders  in  non-uniform 
flow  is  good.  Evaluation  of  their  method  with  other  clscs.  s of 
ships  is  not  essential,  since  the  inaccuracies  in  the  theoretical 
procedures  I hey  make  use  of  are  still  too  gicct  lo  cor.  . der 
the  rudder  torque  problem  in  a complete  system  approach 
technique . 
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RUDDERS  AND  SUBMARINE  CONTROL 
SURFACES  9220-1  (Cede  442) 

A.  Rudder  Design 

Proctice. 

Section  1 . - Ge nerol 

1.1  The  air.  cl  rudder  design  is  to  provide 
tight  turning,  good  cki'.ity  to  initiate  ar.d  check 
swings  rapidly,  and  qcod  course-seeping  ability. 
Quantitative  measures  oi  these  a:e  usually  inves- 
tigated by  tactical  diameter,  aig-:ags  (Kcm.pf  or 
Z-moneuvet)  end  spiral  maneuver  u. .cuaar.ne) 
model  tests.  For  replenistixent  sr.ips,  the  ap- 
proach jr.  i a.  :r  jur.re  pouitirr...  are  emetines  inves- 
tigated in  model  ienn.  01  cu-rso  structural  reliabil- 


ity, minimum  propulsive  losses  ar.d  overall  cast  must 
be  included  to  c-btain  complete  balanced  .resign. 

1.2  The  test  sources  of  general  desiqn 

practice  cue  the  I9i>3  Tuns.  article  oorne 

Hydrodynamic  Aspects  of  Appendage  Lesnn"  by 
P.  Mandel  and  "Hydrodynamics  of  Ship  Design''  by 
Capt.  H.  E.  Saunuors.  Fcr  merchant  snip  types, 
typical  practice  is  test  shown  :n  J.  P.  Con  crock's 
article  in  ''P.-T.nn  ar.d  Construction  oi  Steel  Mer- 
chant Ships"  L/  Arret:.  Tv.o  puclica'.ior.r  rr.e 
SNAME  rev : - * : edition  or  Prmciolcs  of  Naval 
Architecture  : i c SNAM.E  Pcrci  H-1C  Notes  on 
Ship  Controllability  are  expected  to  be  issued  in  the 
rear  future.  Trie  mar.uucr.pt  espies  ir.a.caie  tr.ey 
will  be  very  --  etui. 

1.3  For  c specific  ship  type,  usual  desiqn 
practice  is  to  tint  study  the  desiqn  history  c:  ear- 
lier ships  of  the  type  and  to  check  with  the  Type 
Desk  for  mairtenar.ee  problems. 

Criteria: 

Section  2.  - Rudder  Planfotm  ond  Locolion 

2.1  Current  practice  in  selecting  rudder 
planlotm.  and  location  generally  icllcw  ‘no  r ry 
In  the  1953  Trans.  SNAf.'E  article  by  P.  Van  cel. 

The  tabulation  ci  characteristics  cn  page  da 2 .s 
lor  specific  ships  of  tne  U.  S.  and  Brit. sc.  / 

cr.d  the  identification  ccdu LIU  ...  C-  •- 

421  or  442.  t.'.cdol  iesis  are  us-ally  run  to  verify 
the  prediction.  Ship  cr.aiacier. sties  ger.tr a..,-  indi- 
cate desired  m.'ire-veiing  performance.  .■  cce:  osts 
tests  for  tactical  Jiameier  are  us-uily  reliat.e  to 
within  plus  cr  minus  b percent.  In  rare  .nsiur.res 
there  are  larger  discrepanc.es,  such  cs  an  l.-o  i6 
where  full  sea.e  tactical  diameter  was  1°  percent 
greater  than  r.cdol  data  (o  TBM  reports  <_-?  ; end 
C-17G3).  it  should  ce  noted  that  full-scale  tactical 
data  are  som.et.mes  erratic,  so  mat  ccrre.aticn  with 
model  data  reflects  mere  than  ]us;  scale  meters.  A 
10  percent  margin  or.  tactical  aiarreter  by  me-.;!  tesi 
pred.ctior.s  is  ccnsiaerea  a minimum,  with  a .5  per- 
cent margin  desirable  if  readriy  attainable. 

2.2  Additional  items  to  consider  are: 

(a)  Rudders  are  generally  moved  cut  of  a 
position  directly  rn  line  with  propeller  sr.arting  in 
Order  to  avoi  r trie  rrcrel.er  tail  ’cr.e  vertex.  , his 
is  done  even  ter  sir.gie  screw  ships  (e.  g.  EC  1C52) 
with  high  power.  AGDE  1 is  an  exception  to  tr.is 
practice,  since  it  is  expected  that  the  pum.piet  will 
eliminate  the  tail  cone  vortex.  Auxiliaries  with  lo'- 
power  arc  usually  i lit  to  merchant  stanaords.  with 
the  rudder  in  ! : r.o  with  the  toil  core. 

(b)  Unshipping  ol  propellers  and  graft- 
ing should  be  investigated  and  adeguate  clc-rrance 
provided  without  having  to  unsntp  a rudder,  in 
seme  cases  unshipping  the  tail  shaft  may  tepuire 
turning  the  tud  ret  and  removing  portable  t udder 
plates.  This  is  avoided  wnerever  possible. 


(c)  The  tudder  should  be  well  sub- 
nged  even  with  the  ship  lightly  loo  led  aft  and 

..eeling  in  a turn. 

(d)  The  rudder-rudderstock  combination  of 
tapers  and  location  are  made  such  as  to  permit  un- 
shipping the  tudder  witnout  special  hiqh  blocking. 
Where  the  rudder  cannot  be  dropped  enough  direct- 
ly downward,  ptovision  should  be  made  fc:  lust 
liftinq  the  stock  within  the  ship.  [Tiring  the  rud- 
der on  the  stock  taper  is  possiole.  but  is  avoided 
except  as  a last  resort. 

Section  3.  - Calculation  of  Rudder  Forces, 

Moments,  ond  Balance 

3.  1 This  secticn  represents  recent  practice, 
as  revt:  ed,  to  take  advantage  of  ACC  1 and  AS  33 
lessons.  From  analysts  of  full-scale  .-aJc.  1 data, 
recorded  by  Puget  Sound  Naval  bospycra.  me  effec- 
tive attack  angle  should  be  taken  as  0.77  times 
rudder  angle,  rather  man  5/7  = 0. 71  formerly  used. 
From  Puget  Souna's  AS  33  data  some  allowance 
should  be  made  for  tergue,  say  20  percent  ci  m.cxt- 
' mum,  at  zero  rudder  lor  a rudaer  in  c propeller  race. 
DTMB  Report  C6C-H-01  of  Marcn  1965  reports  model 
tests  of  AS  33  forces  and  torque.  Fotces  correlate 
well  with  design  theory;  torques  dc  not  correlate 
with  either  design  ’hecry  or  full  socle  data.  The 
error  allowance  in  estimating  cnora.'.ise  ^enie:  o; 
pressure  should  be  increcsed  generally  (as  indicated 
t paragraph  3.  5 which  has  new  values)  for  so  im- 
portant a system.  Regarding  specifications,  the 
assumed  efficiency  from  steering  near  hydraulic 
torque  to  rudder  stcck  will  no  longer  be  stated.  In 
general,  performance  requirements  will  oe  specified, 
with  Bureau-predicted  forces  and  torques  for  guiaar.ee 
only.  This  concentrates  responsibility  m case  there 
ore  defects  in  rudderstock  bearings,  steering  gear, 
or  cnything  else  not  fereseeasie.  Actual  proclems 
have  been  as  varied  as  peer  pump  beanngs  on  one 
ship  ct  DLG  16  Class,  and  leaky  rams  on  one  snip 
of  CVA  59  Class.  Where  weight  is  ct  more  than 
usual  importance,  the  design  may  induce  more 
specific  requirements  than  merely  peitcrm.qnce. 

This  essentially  involves  taking  some  risk  wnere 
weight  saving  makes  that  course  aesirccle.  me 
computation  is  tv  aerodynamic  metnoas,  with  some 
additional  features  needed  tc:  s:.;p  applications. 

The  most  important  pvolicancns  far  tns  work  are 
DTMB  Rept.  933  "Free-Stream  Ch rtacteristtcs  of  a 
Family  of  Low -Aspect -Rat io,  All-M. ruble  Control 
Surfaces  for  Appi. cation  to  Ship  Design"  (Revised 
Edition),  and  University  of  Maty  tar.  j Repot!  62-1 
"Survey  of  Lov. -Aspect-Rat. o Ci  aracteustics  Jsetul 
In  the  Design  of  Control  Surface.;'"  dated  Ncv.  1962. 
Forces  ci,  1 renters  ct  pressure.,  are  computed  as 
indicated  below,  ui.d  additional  allowances  ere 
made  for  converting  nydrodyucmic  torque  into  steer- 
ing goat  torque. 


3.2  The  computations  for  forces  and  centers 
of  pressures  involve  finding  data  for  the  tight  ranqe 
of  Reynolds  Number  and  correcting  (or: 

(a)  Effective  aspect  ratio  (A.  R.  Georr.et- 

- Span  (Span)1 

ric  - ; A.  R.  effective 

Chord  Area 

varies  from  1.0  to  2.0  times  geometric,  depending 
on  toot  gap  and  hull  snape  over). 

T ip  chord) 

(b)  Taper  ratio  (A  = 

Root  chord) 

(c)  Sweepback  angle  (0  = angle  that 
the  quarter  chord  lino  makes  relative  to  the  flow). 

3.3  The  attack  angle  it£)  for  rudders  is  us- 
ually taken  as  5/7  the  rudder  anqle.  This  is  an 
arbitrary  drift  angle  allowance,  based  on  the  time 
to  get  the  rudder  over  (about  10  seconds)  and  the 
expectation  that  the  ship  will  have  started  swing- 
ing by  then.  This  arbitrary  value  transforms  a 35  de- 
gree rudder  angle  into  a 27  degree  attack  angle,  be- 
low stall  in  meet  wind-tunnel  data. 

3.4  The  speed  used  is  that  in  way  of  the 
rudder  during  a full-power  straight-running  period. 

The  ship  sr.ould  be  assumes  m a iigtm.-aisplacem.ent 
clean-bottom  condition  suer,  as  can  occur  on- builders 
trials.  Any  reduction  of  speed  in  a tan  is  a htdaen 
[aefer  cf  safety.  c"d  :r  -g*  calculated  For  rudders  in 
a propeller  race,  new  speed  is  taken  as  the  prca-ct 
of  ship  speed  times  1 plus  slip,  and  is  considered 

as  acting  over  the  turner  area  snaaed  by  trie  Slip- 
stream. For  rudders  cr  portions  ot  rudders  not  in 
a race,  ship  speed  is  used  over  the  enure  span. 

For  a more  realistic  velocity  survey  ait  of  a pro- 
peller, see  page  q ct  LIMB  F.ept.  1168  "An  Investi- 
gation of  a Flo  w-Excited  Vibration  of  the  USS 
FORREST  SHERMAN  (DD931)". 

3.5  With  these  simplified  methods  of  esti- 
mating flow  speed  end  angle  cf  attack  , the  ordi- 
nary coefficients  (litt,  drag,  normal  force,  chcrdwise 
and  spanwise  center  of  pressure)  are  ebtainea  by 
cross-fairing  as  indicated  by  Secticn  3.2.  A sys- 
tematic plot  of  data  by  Electric  Boat  Division 
(available  in  Code  412)  is  very  userui  for  this. 

The  rudder  torque  so  obtained  is  called  On  the  hy- 
drodynamic torque.  Airplane  nomenclature  is  fol- 
lowed, with  negative  tctque  indicating  a trailinq 
tendency  (center  cf  pressure  att  of  stock).  An  al- 
lowance for  uncertainty  in  center  of  pressure  is 
made  generally  • 2 to  4 percent  ot  the  mean  chord. 

• This  allowance,  multiplied  by  the  normal  force,  re- 
sults in  a t Cl!,  ot  tot  ;ue  error  allowance.  This  is 
added  algebraically  to  the  '■•H  curve,  and  converts  it 
Into  a band  in  lieu  ot  a line.  (Notethat  no  error 
allowances  are  mate  for  force  or  spanwise  center  ct 
pressure).  This  land  is  then  further  Modified  to  get 
steering  gear  tci  pie  by  allowing  tat  the  intervening 
lrlctton  C^-.  This  is  done  by  computing  reactions  at 
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all  beatings,  multiplying  by  g friction  coefficient 
(see  section  on  Bearing".)  !o  get  the  frictional 
force,  and  multiplying  that  by  the  radius  of  stock 
or  sleeve  to  qet  Inctional  torque.  Tne  test  ex- 
ample of  this  systematic  ptocedure  ar.d  the  sources 
of  aerodynamic  data  are  shown  in  the  Code  442 
rudder  file  for  S3B(N)  60S  Class. 

3.6  Rudder  balance  n ay  be  theoretically  se- 
lected in  one  of  these  tlaoe  qeneral  ways: 

(a)  For  minimum  size  of  steering  gear. 

Thfs  requires  balancing  the  negative  and  positive 
torque  envelopes  of  Cyi  : : TV.  (Some  silow- 

ance  can  be  made  for  varying  n, canonical  advantage 
of  the  steering  qecr  at  afferent  raiser  angles). 

This  is  done  where  wentit  is  very  important. 

(b)  For  a rudder  which  will  trail  at  very 
near  zero  if  the  steering  gear  exercises  no 
restraint.  This  fail-safe  teature  requires  consider- 
able steering  gear  capacity,  nence  is  not  usually 
done. 

(c)  For  something  between  (a)  and  (b) 
above.  This  is  the  usual  practice,  ar.d  balance 
should  be  selected  so  that  CH  gees  through  aero 
somewhere  between  50  percent  and  50  percent  a: 
maximum  rudder  angle.  The  precise  value  depends 
on  the  shape  of  the  torque  curves,  and  is  a matter 
of  designer's  judgement. 

Section  4.  - Rudder  and  Rudderttock  Stress  Anolysis 

4.1  Because  of  tr.e  in  pcrtance  oi  rudders  in 

Prfl****  Hi..  . .L;.  «»•...  . • * . j 

®^,‘***  ****•■  1 " - •**  f ( *.  / 0*0  Id  libUuti  j I >'GviC 

during  design,  end  tr.e  snipruiloer  is  usually  re- 
quired to  make  one  based  cn  actual  scantlings. 
Stresses  ere  limited  so  as  to  provide  a minimum 
factor  of  safety  of  2.0  cn  yield  with  iocds  computed 
as  Indicated  in  Section  3.2.  Where  locas  ere  estimat- 
ed by  less  reliable  means  (e.g.  Jcessei's  formula) 
the  minimum  factor  of  safety  is  taken  cs  2.5  cn 
yield. 

4.2  For  semi-talar.ccd  rudders  with  horn,  the 
best  practice  is  available  in  Ccje  442  files  for  the 
BB61  stress  analysis  oy  New  York  Naval  Shipyard. 
For  gudgeon  strength  (cesi  meg  as  elastic  are.r)  a 
method  devised  by  L.  W Ferns  is  used  and  available 
in  the  Cede  442  files. 

4.3  For  spade  rudders  the  best  practice  is 
shown  in  Code  442  files  fot  the  Gibbs  end  Ccx 
stress  analysis  of  DF931  Class  end  DL2  Class 
rudders- 

4.4  A computation  for  rudder  hub  strength  is 
shown  in  the  Code  4 ‘.2  t.les  fer  CVA(N'6S.  CT.V3 

Report  Experimental  Stress  Analysis  of  o Socketed 
Connection  m Bending  cy  1.  A.  Becker  has  some 
useful  test  datj. 

4.5  There  are  also  problems  with  non-hydro- 
dynamic  Iocds  on  rudders.  AKA,  AGEs.  and  L5T 
types  have. twisted  rudderstocks  rule  operating  in 


ice,  and  land  in.  j craft  have  twisted  stocks  after 
beaching  un.f  bit.  if  i.ing  with  tuiders  in  the  sand.  In 
some  cases  repl  r.  cacle  shear  pins  have  teen  in- 
stalled to  [totcc:  iiie  steeling  gear  from  suen 
damage. 

Section  S.  - Rudderitock  Material 

5.1  For  ru  1 Jots  welded  integrally  to  the 
stock,  we  spc-ify  the  low  rarhen  forged  steel  MIL* 
S-20140.  (fee  l f I'2C  ai.d  CL10U6  plans  f . details.) 
This  steel  has  d’J.C  0 p.a.i.  yield  erd  60.CCU  pt.s.i. 
ultimate  strength. 

5.2  Beginning  appro *.r.ately  April  1965.  steel 
forgings  fci  r..  : :■  . ck  . Vied  connection.:  i c.e 
generally  ke  ouiiic  i to  M.l  Spec.  MiL-S-2 i.'d*  Inis 
will  permit  eacio;  .ell  repair  capability  th  m Mil. 
Spec.  MIL-c-ci'O,  which  haa  cecn  used  for  many 
years. 

5.3  The  uce  of  higher  strength  steels  tends 
to  save  weigrit  end  peimt  tr. inner  rueder  sections, 
both  of  wmcii  arc  .losiror.io.  [here  are,  hc.'.ever, 
the  following  dia-.bccks:  (a)  tnc  deflection  of  the 
stock  tends  to  he  greater,  involving  a potential 
problem  with  seals  and,  (b)  the  natural  fre:..-r.cy 
tends  to  be  iowci.  v hich  probable  involves  a lit  tie 
more  potential  v.irattcn. 

5.4  Where  rudderstocks  arc  required  to  have 
little  or  no  magnetic  per.T.ecbility,  aluminum  bror.ze 
has  worked  well  or.  Ah'.ScO  ar.d  (.150421  Class. 

World  War  II  rt.  me  sw  eepers  had  runderstccKc  ci  To- 
b.n  crcr.ce  \i.yaCu  t-vuiiy  u uussy  inese  uc-r.t 
and  twisted  in  service,  hence  the  later  designs  used 
the  high-grade  and  ecstiy  aijmir.um  brerree. 

5.5  In  selecting  rudderstocks,  ccrrcsicr.  re- 
sistance is  desirable  (since  protective  ecstir.  :c  ere 
not  yet  relief  to).  Oidinary  tatigue  is  not  cans,  ler- 
ed  to  be  a problem  since  there  ote  generally  only  a 
few  cycles  ct  high  stress  a year  (ship  at  lull  power 
with  full  rudder  angle).  Notch  toughness  is  higt.Iy  de- 
sirable, since  corrosion  pitting  is  probable  over  the 
course  of  years. 

Section  6.  - Rudder  Ploting  and  Frcmmg 

6.1  Present  practice  is  to  adjust  plating  and 
framing  to  gc-t  panel  sices  of  spat,  equal  to  about 
40  thicknesses  J.  plating.  Larhor  designs  with 
greater  spans  (e.g.  IT-145  Class.  CT032  Cia^s, 

CVA41  C!a..s)  suttcioa  loss  of  rudder  platinq  trom 
panting,  latigac.  corrosion,  o:.  i erosion. 

6.2  For  rudders  not  in  a piopeller  race  the 
platinq  is  usually  M.S.  (e.g.  LL1).  Fcr  ruaders  :r. 
a propeller  race,  S T S.  or  HY  50  are  generally 
specified  (e.g.  [1.2  Class)  leciuse  oi  supetitr 
strength  and  sln.htly  m.rrcved  corrosion  resistance 
con.parcd  with  ll.T.S.  ar.d  M.S. 

6.3  At  the  trailing  edge  of  the  tudriet,  a 
rabbeted  casting  oi  forging,  uttn  egual  galvanic 
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croperty  as  the  side  plating,  provides  the  strongest 
lstruction  (e.q.  DL2).  Where  economy  is  impor- 
tant, the  side  plates  can  be  welded  to  one  another 
(e.g.  DF1006). 

6.4  Valuable  information  on  this  subject  is 
available  in  TMB  rcpt.  R-3S4  "Notes  on  Casual- 
ties to  the  Twin  Rudder  of  United  States  Destroyers" 
by  Captain  H.  E.  Saunders. 

Section  7.  - Bearings 

7.1  Bearings  are  to  be  designed  to  take  the 
nrdderstcck  redial  and  thrust  leads  and  the  rudder- 
Btord'  ilcxural  deilection.  These  axe  computed  us- 
ing: 

(a)  Hydrodynamic  loads  on  rudder 
(t)  Weight  of  rudder  plus  stock 
(c)  For  design  which  includes  shock  re- 
sistance as  a requirement,  (a  factor  from.  General 
Specifications  9-100-1)  times  the  weight  produces 
radial  and  thrust  loads  whrch  are  not  corrxined 
with  (a)  and  (b)  above. 

7.2  Bearings  are  ol  two  basic  types: 

(1)  Rolling  friction  or  cnti-fricticn  (such  as 
roller  or  bell  bearings)  and 

(2)  Sliding  friction  cr  sleeve  (such  as 
floating  collars  for  thrust,  bronze  sleeve  and  pneno- 
lic  bearing  type  for  radial).  Recent  e.van  pies  of 
these  lyp***  arp  Known,  rescectiveiv,  cr.  p.c.ns 
r'|D927-S22C2 -760-157  ar.d  DC931-S220G-1426955 . 

7.3  We  have  been  using  friction  ccetticier.ts  of 
0.01  for  anti-friction  typos,  ar.d  ncm  0.15  tc  0.20  for 
sleeve  types.  These  values  are  tased  on  commer- 
cial practice  and  some  brief  tests  at  Portsmouth 
Naval  Shipyard.  In  connection  with  ’.argue  esti- 
mates, there  may  be  seme  margin  in  the  0.  2 coeffi- 
cient for  sleeve  searings.  There  is  r.o  significant 
margin  in  the  0.  1 coe:iicier.t  tor  anti-incnon  Hear- 
ings. 

7.4  Sleeve  bearings  have  low  initial  cost, 
are  relatively  easy  to  maintain,  and  in  most  cases 
would  be  relatively  easy  to  repair  m emergencies. 

Wc-  usually  specify  staves  of  laminated  phenolic, 
with  laminations  such  cs  to  produce  edgewise  com- 
pression. Stave  details  end  clearances  are  srov.n 

in  BUSH1PS  Stan  far  J Plans  S22CO-92 1759  ar.d  S2200- 
921700.  Clearances  arc  also  shown  :n  RL’OHiPS 
Technical  .Manual  Lnup’.or  i i.  Aiiai.ah.e  compres- 
sive stress  is  taken  as  30C0  p.s.i.  T material  has 
o Young's  modulus  ot  aDout  420, COO  p.s.i.,  ar.a  can 
run  in  water,  grease,  or  oil.  Commercial  forms  ere 
sold  such  as  Westinghouse  Marine  id. carta.  Ryettex, 
and  Tulnol.  In  special  cases  wrie-re  launaied 
phenolic  hearings  sould  be  so  long  as  to  ac.me  bind- 
ing from  flexure  cl  the  rudJerstocf.,  ether  materials 
ore  in  order  such  as  gun  metal  ar  c i-ilt-:  rse  jlioy. 
These  permit  hi. met  tearing  .os  ->o  they  can  be 
ihorter.  Typical  .r.stcllations  ore  mown  m tiUiHlRS 


Plans  SS564-S1 108-935624  ar.d  SSN585-518-1713907. 

A calculation  fut  clearance  in  the  bearing  with  the 
stock  in  its  deflected  shape  is  shown  in  plan  5SN585- 
845-1716223. 

7.5  Anti-friction  bearings  are  fairfy  ex- 
pensive and  require  some  precision  machining 
to  install.  They  have  the  compensatory  r.ivm- 
tages  ol  permitting  sigmficcnt  reduction  of 
steering  gear  torque  (in  tie  order  of  •£?;)  ar.d 
can  bo  self-aligning  (oo  ttict  rudderstock  de- 
flections and  hull  mover. on!  da  not  cause  bind- 
ing). There  are  several  manufacturers  of  roller 
bearings  (spherical  and  nen- spherical),  v.duch 
tends  to  keep  the  price  recsor.cb) e.  We  usu- 
ally req-aire  thet  the  rolier  uearinq  ver.dtr  in- 
dicate his  epproval  ol  the  shipyard's  ir.r.’tiia- 
tion  details  by  signing  or.  the  working  plan 

7.6  It  is  understood  that  roller  bearings 
were  installed  on  a collier  at  about  the  time  cf 
World  Wear  I,  and  that  they  had  to  be  replaced 
by  sleeve  beerrngs.  No  records  are  avciichie. 

USS  TIMMERMAN  (EEC  628)  had  a roller 
bearing  installation  which  gave  no  tiouhie 
during  the  ships  brief  career  at  sea.  UE3 
NORFOLK  (.'.Li ) an r the  L.'d  MlTgCHEH  iDL 

2)  Class  have  spherical  roller  bearings  which 
have  been  operating  since  cbout  1950.  i here 
naa  D0t** i Cu^i « c c *t*  c»o  iw  *» . *_  » . v. .ir.* 

of  one  or  two  rollers,  due  to  pounaing  ot  c: 
propeller  race  on  a rudder  which  is  aer.- rally 
operating  near  zero  dc-grcc-s.  Ttds  has  appar- 
ently not  happened. 

7.  7 Two  unsettled  g.i'’ut:cns  on  aiiii-tr-cron 
bearings  a:e  (a)  is  it  v.-c: thv.-fule  requrnua  >:n  instal- 
lation with  inner  race  e> ranged  to  take  up  clear- 
ances? and.  (b)  should  resigns  call  for  cn  ciiptcr 
so  as  to  try  to  standardize  the  bearing  size?  Past 
practice  has  permitted  builders  to  use  their  judge- 
rr.ent  cn  these  matters,  ar.d  the  carurl  practices 
vary.  As  service  experience  accumulate,  t:.e  5h:p 
Specifications  can  became  mere  specific. 

Section  8.  • Bearing  Seals 

8.1  Sleeve  bearing.;  at  the  hull  can  op- 
erate with  sea  water  as  the  lubricant.  Usual 
practice,  r.  ov-.r,  : tc  c.ii!  tor  pressure  ere ;.=e 
lubrication  and  a seal.  The  seal  is  usually  a 
gland,  made  in  halves  to  facilitate  replacement, 
with  a few  rows  cf  pa -King.  It  is  cdiuatckfv 
only  in  drydoex.  it  mcre-cr-less  retail. a the 
grease  and  excludes  sea  v ater  ar.d  sand  cr  mud 
particles. 

8.2  Sleeve  and  roller  bcaiinqs  within  the 
hull  are  usually  pressure  grease  lubricated,  and 
occasionally  crl  lubricated.  Adjusiabie  teals 
are  provid'd,  and  made  in  halves  to  facilitate 
unsluppjig. 
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8.3  Roller  bearing  seals  at  the  hull  re- 
quire special  attenticn  because  sea  watci  will 
ruin  the  bearings.  The  LL1  and  the  CL2  Class 
have  Syntron  seals,  adiuutuhlo  oniy  m drydack. 
These  seals  heve  an  internal  cil  pressure  which 
exceeds  the  sea  pressure,  so  that  li  there  is 
any  leckage  it  will  be  oil  go.ng  out.  There  was 
some  difficulty  in  the  bu.lding  yards,  due  pri- 
marily to  the  attempt  to  v.rap  a straight  ex- 
truded seal  around  a stock.  When  molded 
circular  seels  were  usea  tr.ere  were  no  problems. 
These  Syntron  seals  have  to’n  operating  sat- 
isfactorily on  DL1  ana  LL2  t-r  ci'M  11  .ears. 

A more  conservative  solution  has  teen  usea  cn 
recent  destroyers,  whereby  trie  null  seat  is  c 
gland  with  packing,  ad. u:  table  from.  inside  the 
6hip.  This  r.eans  moving  trie  hull  rciler  rear- 
ing upwerds  a little,  with  a slight  increase  ,n 
rudderstock  bending  moment.  Tms  ty.e  of  seal 
has  the  advantage  of  ceir.g  caFcole  of  repair 
almost  anywhere. 

Section  9.  • Rudder  Streonline  Sections 

9.1  Present  practice  is  to  specify  the 
NACA  4-digit  symmetrical  series.  Cfiuets  ere 
available  in  General  Scecit.cct.crs  9222-1.  The 
first  two  digits  in  this  series  are  zero,  cr.a  the 
last  two  digits  represent  tne  thicxr.ess/chcrd 
ratio  (e.g.  cn  0024  section  has  tnickness  equal 

tO  **i/o  Oi  iit t?  CtiC.uy. 

9.2  At  the  after  edge,  the  offsets  show  a 
definite  half-breadth.  The  trailing  edge  is 
specified  to  be  loft  sharp,  since  tr.is  slightly 
improves  lift,  does  net  add  to  the  cost,  and  pro- 
vides a little  extra  strength  (particularly  io r 
astern  operation)  ccm.parea  witn  c knife  edge. 

9.3  Usual  practice  is  to  specify  sections 
at  the  root  and  tip  chord,  with  straight  i.r.es 
connecting  like  numbered  stations.  Unless  tne 
thickness-chord  ratios  up  and  toot  are  loentical, 
this  results  in  a slightly  werpod  surface.  None 
of  the  shipyards  hove  ever  complained  of  this, 
ond  apparently  tne  warp  can  ce  taken  up,  even 
with  STS  or  HYE3,  wit:. out  difficulty. 

9.4  Some  previous  designs  (e.g.  MSG', 21 
Class)  had  stream. .r.eo  snarer,  to  D IMS's  ETn 
(ellipse-parabola-hyperbola)  section.  This  prac- 
tice was  discontinues  when  it  v.cs  leemed  tr.at 
the  EPH  section  hod  high  negative  pressure 
peaks  at  large  angles  ci  attack,  and  would  thus 
be  more  likely  to  cavitate  than  the  NACA  sec- 
tion. 

Section  10.  • Rudder  Initio)  Zero  Setting 

10.1  The  rudder  ind. cater  zero  in  the 
pllothouoo  is  sometimes  set  with  the  rudder 
not  parallel  to.  the  center-line  plane  ol  the  ship. 


10.2  For  twin-screw  twin-rudder  ships, 
model  tests  are  ordered  to  determine  SHP  to 
make  some  high  s;mcd  in  the  region  ol  full 
power.  These  te  u,  are  run  over  a range  of 
rudder  setting. :-(:  vii  iuddorr.  with  trailing  edges 
inboard  4*  to  both  with  trailing  edge  out- 
board 4'.)  The  .selection  is  made  on  the 
basis  ol  low- v,t  2hP  to  make  desired  spac'd  but 
vibration  some: i:  , is  involved.  On  DD931 
Class  it  was  fsui :!  that  ciurr.jin  rudder  sellings 
for  propjlsion  involved  unacceptable  vibration. 

The  rudder  :r,.;.:l  setting:,  wore  m.cdific-d  to 

ea.  e vibration  the  expense  of  propulsion. 

On  DLG14  a : ...uisr  coni.ticn  was  specifically 
investigatei  a , builder's  trials,  and  a 
similar  comp:;.:,.  g made.  (Coe  Code  442  rudder 
files  for  these  s s). 

10.3  For  r ;.:ps  with  single  right  hand 
screw,  there  is  a b-usic  tendency  to  turn  to  pert. 
Fcr  suer,  designs,  r tie!  mar. revering  tests  are 
som.ei.rn.es  si  run  d to  find  'he  :ud  ier  angle  for 
straightaway  m.o'.tcn.  The  tuddei  is  then  set 
thet  way  with  indicators  at  zero. 

10.4  Fcr  tv.  n-rudder  twin-sciew  snips, 

Tl.O  model  tests  tir.c.v  that  tr.e  best  setting  for 
minimum  SHP  is  rrt  the  sc  e as  the  best 
setting  fcr  mir.tm.um.  rudder  aiag.  rtesumobly 
there  is  an  inter  action  between  propeller  and 
rudder. 

Section  11.  • Aste.n  Operation 

11.1  Astern  operation  is  usually  inves- 
tigated only  fcr  ships  having  u military  re- 
qmiem.ent  fcr  going  astern  (e.g.  LCU  types  which 
retract  astern).  Model  tests  are  then  used  fcr 
determining  cc.rrolldbility , since  there  is  no 
reliable  theory. 

11.2  Ship  speed  for  astern  operation  is 
usually  estimated  at  £0"o  of  the  cr.end  stood  for 
the  same  SHF.  This  is  based  cn  rt.cdel  tests 

of  IFS1.  If  a i .ere  refined  estimate  is  neeced, 
propulsion  touts  should  be  eideicd. 

11.3  Astern  operation  generally  does  not 
control  sccr.thr.  ;s,  end  generally  dees  control 
steering  gear  cajacity.  Recent  [ractice  has  been 
to  design  the  steering  gear  fcr  ahead  operation 
and  limit  sustained  cstern  RFM  so  as  not  to 
exceed  the  su.ar.ru;  gear  ccpacity.  "Sustained" 
a_:e:n  RFM  .s  sp. . died  ao  as  to  st.ll  perr.  it 

the  ship  to  use  fjll  cstern  RFM  fcr  crasnback. 

It  should  be  r.ctid  that  for  astern  operation  the 
hydrodynamic  forces  tend  to  move  the  rudder  to 
larger  angles,  since  the  center  el  pressure  is 
well  ait  of  the  sIock.  Accordingly,  in  qcir.g 
astern  with  a hyituulic  system,  when  the  relief 
valve  epens,  the  rudder  would  go  to  hard  over. 

To  ovoid  tins,  usujI  practice  is  to  specify  that 
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the  safe  sustained  astern  RFM  be  determined 
‘'ora  sea  trials,  and  that  suitable  warnin')  plates 
. e installed. 

11.4  Astern  force  and  center  cf  pressure  co- 
efficient for  certain  rudier  shapes  ere  available  in 
Appendix  C of  DATMCBAS  Report  933 

B.  Submarine  Control  Surfaces 

Procticei 

Section  1 - General 

1.1  Information  in  "Technical  Practices  - 
Rudder  Design"  is  applicable  also  to:  sub- 
marines. Additional  special  items,  pert: rent 
only  to  submarines,  are  includes  r.ete. 

Criteria: 

Section  2 • Stability  and  Control 

2.1  The  basis  intent  of  submarine  control 
surface  design  is  to  obtain  positive  c-rectional 
stability,  qood  depth  and  course  Keeping  abil- 
ity, and  good  ability  to  initiate  end  cr.ec*  tra- 
jectory changes.  The  preliminary  oesigr.  es- 
timates of  required  control  surfaces  are  general- 
ly tested  by  CTM3,  cr.d  adjust:  ears  .rare  cs 
necessary.  After  minimum  requirements  are  met, 
there  is  the  problem  or  how  m.uan  tetter  to  moke 

— ■ . „ . ; . j 
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matter  of  degree  ot  cor.trciiaciiiry.  Design 
decision  involves  judgment,  experience,  end  com- 
promise related  to  the  specif. c case. 

2.2  Stcfcihty  and  control  are  design  re- 
quirements fc:  creed  operation,  surfaced  and  sub- 
merged. Astern  operation  is  generally  quite 
unstable,  and  we  accept  whatever  ccm.es  cut  of 
the  design  that  has  been  based  on  ahead  opera- 
tion. 

2.3  Basic  thecry  for  submarine  stability 
and  control  is  available  in  tr.e  Taylor  Vcdel 
Basin  lecture  notes  "The  Dynamical  Stacility 
of  Submarines"  by  M.  A.  Atkcwitz,  June  1 9-19. 
Another  very  good  source  cf  stacility  end  con- 
trol practice  is  in  ThfB  reports  cn  model  tests 
and  full  scale  evaluation  of  specific  designs. 
These  reports  generally  include  considerable 
discussion  of  design  suitability  in  caditian  to 
test  data. 

2.4  Performance  requirements  for  automatic 
or  semi-automatic  control  systems  are  specified  m 
terms  of  "percentage  cf  time  vat  hi  r.  • 5 foot  band" 
at  particular  rpeod  (e.g.  t knots)  and  keel  jcptn 
(periscope  depth)  ir.  a particular  sou  state.  Computer 
studies  using  model  djia  are  run  at  DTI. '3  to 
determine  the  prjcticajity  of  tr.e  specification. 


Section  3 - Fairwater  Plane*  ond  Bow  Planes 

3.1  Fairwatcr  planes  (also  called  sail 
planes)  or  bow  planes  ere  provided  primarily  for 
asststir.q  the  stern  planes  in.  lev/  speed  fine  con- 
trol of  depth  (e.q.,4  knots  and  pertscopx?  aepth). 

In  cases  of  stem  piano  jamming  at  small  ongles,  i 
the  forward  planes  could  overpower  the  after 
ones  cr.d  control  depth  and  pitch  angle.  In 
usual  design  practice,  however,  the  torward 
planes  are  r.ct  made  ia.-ge  enouqh  to  be  effec- 
tive in  such  emergencies.  S one  submarine 
operators  use  bew  planes  for  depth-cr.ar.ging 
at  high  speed,  but  this  is  r.ot  general  practice. 
ALEACCTi'  AGCo  5u9;  evaluates  perrarmomcc  with 
ar.d  v.itr.c -t  sew  plor-t-s,  ar.d,  for  her  aperat.cns, 
finally  csr.cLded  tr.e-/  should  be  emitted.  A3SC  555 
is  be.r.g  bu.la  v.ithaut  bsv:  or  fair  .-.are;  planes,  since 
the  sh.p  characteristics  ao  not  require  fine  aepth 
ccntrol  ar.d  the  emission  reduce^  weignt,  cast,  and 
mecncmcal  complex.'., . 

3.2  Bow  planes,  situcted  as  far  forward 
as  possible,  have  greater  pitching  leverage  than 
fairwater  planes.  Lr.  such  forward  lcoctions 

bew  plar.es  have  had  to  be  stowed  by  folding 
cr  rotating,  since  their  outreach  would  make 
handling  ct  docks  ar.d  nesting  quite  difficu.t 
and  also  to  avoid  pcm.dir.g  when  surfaced  m a 
s c 3 c y **■  * 55^'  '5**^  > ^ p . .*■ 

and  603)  ccii  icr  ia. iwaie:  plai.es  purser!! , to 
release  the  valuable  space  forward  for  sonar 
and  torpedoes.  Fcir.vate:  pianos  outreach  is 
usually  kept  within  maximum  hull  dimensions, 
cr.d  rolling  alor.gsioe  a dock  is  also  considered 
(e.q.,see  Code  442  file  for  S$(N)  597).  Fair- 
water  plar.es  are  ir.ciaentally  used  as  a gong-way 
for  access.  Sockets  for  portable  stanchions  are 
fitted  with  faired  plugs  for  operation  at  sea. 

3.3  The  leading  edge  is  usually  raxed 

so  as  to  deflect  mine  cables.  There  is  no  fixed 
practice  cn  whether  tips  should  be  square 
(cheaper  end  more  lift)  or  rounded  (costlier, 
less  hit,  somewhat  quieter). 

3.4  In  computing  icices  cr.d  centers  of 
pressure,  the  angle  of  attack  is  taxen  as  the 
plane  angle.  (Unlike  Rudder  Desiqr.  Practice, 

Section  3.3,  the  diving  planes  can  bo  operating 
with  r.o  drift  angle  teducticn.)  The  usual  plane 
angle  is  limited  to  20*  or  25*;  based  cn  esti- 
mated stail. 

3.5  Fairwater  or  bow  plane  tilting  rate 
is  usually  taken  equal  to  that  for  the  stem 
plar.es. 

3.6  The  height  of  fairwater  planes  is  of  con- 
siderable in  parlance.  SSiRN)  CCS  and  616  Class 
planes  ate  about  four  feet  higher  (relative  to  optics 
and  electronics  n a.  :sl  than  SS3(N)  53d  Class.  This 
has  led  to  greater  dirticultics  in  periscope-depth 
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control  is  a seaway  than  Set  508  Class.  The  separa- 
tion between  periscope  un  i luirv.  ater  planes  on 
SS(N)  585  Class  at. peats  satir.tactory.  As  an  eypeti- 
ment,  bow  planes  hive  been  mstallca  on  SSEJ(iJ) 

626.  Evaluation  ti.us  far  is  not  conclusive  since 
there  ate  some  subjective  factors  and  the  seaway 
Involves  a variable  test  environment. 

Section  4 - Stern  Planer  and  Stabilizers 

4.1  The  area  needed  at  the  stern  for 
stability  in  the  vertical  plane  is  determined  by 
theory  (Code  421  has  the  Lent  information  on 
prediction  methods)  end  model  test.  The  area 
Is  usuclly  too  large  to  be  made  all-movable,  so 
part  of  it  is  installed  as  a fixed  stabilizer. 

At  times  fixed  area  is  inserted  on  shaft  lines  of 
twin  screw  subs  (e.q.,  SS(N)571 ). 

4.2  As  with  bow  planes,  the  angle  of 
attack  is  taken  equal  to  the  plane  anqle,  with- 
out any  drift  corrections.  The  tcrce  end  center 
of  pressure  detetr;. ir.ct.cn  for  the  stern  plane 
plus  stabilizer  combination  is  lenqthy  and  com- 
plex. The  best  sources  of  force  and  terque 
Information  are  the  Cede  442  file,  "Rudders 
and  Diving  Plar.es  SSE(N')cj3"  (which  includes 
reference  material),  and  recent  research  reports 
by  Georgia  Institute  of  Technology  on  "Wind 
Tunnel  Investigation  of  the  Effect  of  a Simulated 
Submarine  Hull  on  the  Aerodynamic  Characteris- 
tics cf  All-Movable  Control  Surfaces  Having 
wirj  neat  A'.-*"11  S — u-.jU  .v.:-: uc* 

1959,  and  by  Li.  oi  Maryland  cn  "Wind  Tunnei 
Investigation  ol  the  Characteristics  of  a 
Flapped  Control  Suriace  Mounted  cn  a Simulated 
Submarine  Hull"  cared  June  1959.  These  reports 
are  available  in  Coue  442  file  "Fluid  Me- 
chanics - Control  surfaces". 

4.3  The  planform  and  location  cf  stem 
plane  and  stabilizer  are  selected  with  the  fol- 
lowing considerations  in  addition  to  conventional 
hydrodynamic  efficiency: 

(a)  The  leading  edae  rake  should  be 
such  as  to  deflect  mine  cables,  or  else  the 
shape  should  permit  attaching  cable  guards. 

(b)  Ample  fere-end-aft  clearance  from 
the  propeller  should  be  maintained,  to  minimize 
noise  and  vihrulicn.  Clearance  is  measured  from 
the  centerline  cf  t.rctellc:  rljae  at  tr.e  0.  7 radius  to 
the  leading  edge  ct  the  control  surface,  end  is  nen- 
dim.ensicnahzed  in  the  totrn  ot  percent  of  ptopeliet 
diameter. 

(c)  Span  should  be  limited  so  as  to 
facilitate  nesting,  coning  alongside  a dock, 
and  for  larger  subs  to  increase  the  number  of 
drydocks  and  builair.g  ways  that  can  be  used. 

The  SSB(N)6C3  stern  planes  and  stabilizer 
have  an  over-oil  span  ot  40'-4",  which  is  about 


the  limit  on  Electric  Boat  Division's  building 
ways.  This  span  extends  beyond  the  maximum 
beam  (pressure  hull  diameter  - 33'-0"),  but  is 
necessary  for  stability  and  contiol.  Portable-  cut- 
board  sections  of  stabilizers  are  permissible 
where  necessary  for  buildinq  ways  cleaiance. 

4.4  Stem  plane  tilting  rate  is  generally 
specified  as  S’/sec.  minimum,  to  provide  ade- 
quate controllability,  and  1 O'  /sec.  maximum, 

to  minimize  the  required  capacity  of  the  hydraulic 
system.  A mete  refined  specification  is  shown 
in  the  Preliminary  Design  section  cn  technical 
practices  for  hydrodynamics.  The  most  reliable 
method  of  specifying  stern  plane  rate  is  from  a 
computer  study  of  its  effect  on  trajectories  or 
depth  control  in  a seaway. 

4.5  Since  the  stern  plar.es  are  vitai  for 
depth  control,  particular  emphasis  is  placed  cn 
minimizing  corrosion  of  the  stocits.  V/e  require 
protective  coatings  on  exposed  portions,  and 
there  is  a routine  requirement  for  periodic  in- 
spection. At  present  this  problem  is  not  satis- 
factorily solved.  New  coatings  ore  being  tried, 
end  we  keep  up  with  the  latest  service  experience 
octamablc  from  trie  Submarine  Ship  Type  Branch. 

Section  5 - Rudders 

5.1  The  design  of  submarine  rudders  is 
generally  the  se  ra  as  covered  in  "Technical 
Practices  - A.  Rudaor  Cesian".Tl:e  significant 
difference:  arc  dir  rccccd  bzfrv. 

5.2  A tcp-siae  rudder  is  in  a flow  wmen 
has  been  disturbed  by  the  sail  and  superstructure. 
This  was  first  demonstrated  by  a wake  survey 

on  a model  of  SSD(N)c33.  Accordingly,  the  tep- 
side  rudder  is  net  very  effective  for  stabihty, 
where  small  angles  are  involved,  even  though 
quite  effective  for  turning.  A large  fixed  stool 
suppoit  for  trio  upper  rudder  was  used  cn  SSB 
(N)6C8,  to  got  the  upper  rudder  into  a cleaner 
flow  region. 

5.3  A dorsal  rudder  (see  plan  AGSS569- 
800-1934050  is  a tlap  cn  the  after  end  ot  the 
sail,  designed  to  reduce  snap  roll  in  submerged 
turns.  As  a submarine  gees  into  a turn,  the 
angle  of  attack  on  the  sail  would  produce  lift 
causing  larqe  inward  heel.  The  dcreal  rulaer 
introduces  a camber  which  reduces  the  un- 
desircble  lift  cn  the  sail.  Timing  the  movenent 
of  the  dorsal  and  conventional  rudders  is  impor- 
tant In  achieving  this.  Dc.rsal  rudders  ere  still 
considered  experimental,  and  US5  ALBACORE 
(AGSS569)  represents  the  only  application  at 
present. 

5.4  For  AGSS  555,  rudder  plating  and  stiff- 
eners ate  ol  fiberglass  remtorce-J  plastic.  Rudders 
were  fabricated  by  Republic  Aviation  Co:p.  fc: 


Portsmouth  Navai  Shipyord.  and  are  filled  with  syn- 
tactic loan.  In  this  application  fairly  thicic  rudders, 
NACA  0020,  are  specified  in  order  to  provide  buoy- 
ancy. Service  experience  is  desirable  before  further 
applications. 

Section  6 • Initial  Zero  Settings 

6.  i The  divinq  plane  initial  settings  Involve 
Indicator  zero  even  thouqh  planes  may  be  tilted  rel- 
ative to  baseline.  Settir.qs  are  selected  on  the 
basis  of  model  tests  so  as  to  produce  steady  fliqht 
at  constant  depth  at  significant  speeds.  A small 
hull  angle  is  generally  accepted  rather  than  take  the 
higher  plane  drag  needed  ter  zeio  boat  angle.  For 
example,  on  USS  Triton  (SSFi(N) 596).  the  tow  planes 
are  set  parallel  to  base  line,  the  stabilizers  and 
stern  planes  are  sot  one-half  degree  rise,  and  the 
estimated  hull  angle  is  one  degree  down  (at  higher 
speeds) . 

6.  2 On  sinqle  semew  subs  the  stern  planes 
end  rudders  are  also  set  at  cn  angle  so  as  to  coun- 
teract the  propeller  torque.  Theoretically  the  set- 
ting is  independent  oi  ship  speed,  since  control  sur- 
face lift  and  also  propeller  torque  ere  both  propor- 
tional to  squere  of  speed.  (Some  anomalous  results, 
reported  by  Portsmouth  from  Builders  Trials  of  USS 
BAR3EL  (SSScO)  are  not  considered  in  setting  con- 
trols for  single  screw  boats).  These  settings  for 
counteracting  propeller  torque  ere  in  the  right  cirec- 

*i ..  ij  vzr.z-z  *.z  ‘.h=  p:cp:’.!c:z  aft 

oi  then,  the  stern  plane  angles  :or  countering  pro- 
peller torque  ate  combined  alaenraicaily  with  those 
for  flight  ct  constant  depth.  Cn  3SB(U)  533  class, 
with  a single  right-hand  propeller,  tr.e  net  result  was 
to  require  the  port  stein  plane  to  be  set  at  2*  30' 
dive,  the  starboard  stern  plane  at  0*  30'  dive,  the 
upper  rudder  1*  trailing  edge  to  port,  and  the  lower 
mdder  1*  trailing  edge  to  starboard. 

Section  7 • Sea  Slap 

7.  1 The  practice  is  to  assume  that  waves  act- 
ing on  exposed  control  surraces  are  eauivaler.t  to  a 
static  uniform  lead  of  1000  pounds  per  square  foot. 
Under  this  leading  tr.e  Ship  Specifications  usually 

indicate  that 

(a)  Structure  may  be  sttessed  up  to  the 
yield  point  (this  particularly  involves  totgue  keys 
and  keyways) . 

(fc)  The  control  surface  torque  may  exceed 
hydraulic  gear  capacity  (because  of  the  long  lever 
arm  to  sea  slap  center  of  pressure). 

In  tl  iat  case,  popping  the  relief  valve  is  ac- 
ceptable. On  SSC:)597  the  Electric  Boat  Division 
nude  a computer  analysis  of  the  response  of  the  hy- 
draulic system  to  such  transient  loading.  For  that 
jPurposc  we  arbitrarily  indicated  tr.at  the  loading 
could  be  taken  as 


2 V"  T 

1000  sin  lbs/sq.  It.  where 

0.2  • 

T varies  from  0 to  0.  2 seconds 

7. 2 The  1000  p.  s.  f.  comes  from  a 1924  Ports- 
mouth analysis  cl  casualties  to  bow  end  stern  planes, 
of  the  S-48  to  51  and  T-l  to  3 classes,  due  to  pound- 
ing in  a seaway.  Although  it  is  recognized  thut  sea 
slap  can  be  several  times  greater  than  1000  p.  s.  1. 
it  is  implicitly  assumed  that  in  very  rough  v/eather 
the  submarine  will  submerge. 

Section  8 - Bearings 

8.  1 Departures  from  practice  listed  in  "Tech- 
nical Practices  - [rudder  Design"  are  as  follows: 

(a)  Laminated  phenolic  bearings  are  not 
commonly  used  on  submarines. 

(b)  Anti-fricticn  (roller)  bearings  are  not 
used  for  radial  loads.  Gun  metal  and  cobalt  base 
alloy  (such  cs  made  by  the  Stoody  Co.)  are  the  us- 
ual materials  lor  radial  loading. 

(O  Rudder  carrier  bearings  take  thrust  in 
a Iree-llooding  space.  They  are  made  of  nickel-cop- 
per silicon  alloy  (S-monel  or  else  of  nickel  copper 
aluminum  alloy  K-V.cnel).  A typical  installation  is 
shown  in  plan  SSR{N)565-5 19- 1717533.  Less  costly 
materials  have  been  tried  in  the  past  but  did  not 
give  satisfactory  service. 

Section  9 • Filling  maieriai 

9.  1 Until  cbout  1957  the  only  filling  material 
for  submarine  control  surfaces  was  wood,  plus  hot 
vegetable  pitch  to  liil  interstices. 

9.  2 Present  practice  uLo  permits  use  of 
foamed -in  place  plastics,  which  are  expected  to  be 
cheaper.  In  order  to  get  high  crushinq  strength  cs 
needed  for  deep  submergence,  the  aensity  and  the 
water  absorption  of  the  plastic  must  be  carefully 
selected. 

Section  10  • X-Slern 

10. 1 The  x-stem  of  ALPACORE  has  been 
tested,  and  results  ate  available  m fcrmal  DiMB 
classified  repotts.  In  brief,  the  x-stern: 

(a)  solves  the  proDlcm  of  getting  adequate 
rudder  effectiveness  without  exceeding  hull  block 
dimensions, 

(b)  provides  increased  safety  in  case  one 
ram  jams  hard  ever  (per  DTVB  loiter  noted  in.ll.  1) 

(c)  adds  some  complexity  to  the  controls, 

(d)  piovided  mere  diving  plane  effective- 
ness than  desitable  at  high  speeds. 

Section  11  - Dive  Brakes 

11.1  Dive  brakes  were  tested  at  sea  as  p-rt 

o(  the  ALDACCiiF.  i nase  3 con. vision  tu  rls.  DTV.9 
Confidential  Letter  hepott  03C60  ALBACORE  (5-«u: 


IS4 


F-  8 


1 


PCC:jw)  Ser.  0516  of  8 May  1962  to  BUSHIPS  Code 
525  qivcs  results.  In  brief,  the  brakes  make  an  ap- 
preciable contribution  to  deceleration.  In  future  de- 
signs, it  will  be  desirable  to  obtain  a computer 
prediction  of  emergency  recovery  trajectories  for 
various  dive  brake  configurations  before  ordering 
installation. 
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Computer  Program  Documentation  for  Rudder  and  Fairwater  Plane  Design 
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* Descr i pt ion 


A.  Purpose 

The  purpose  of  this  program  is  to  aid  the  designer  in  the  design  of  rudders 
and  fairwater  planes.  In  particular  tne  program  does  trie  following  things: 

1.  Given  an  initial  .jeometric  ccnf  i gura  t ion  the  program  determines  a stock 
location  and  stock  diameter  which  minimizes  the  differences  between  the  positive 
and  negative  torcues. 

- • ujrin3  t"is  process  tne  program  also  determines  reaction  forces  at  the 
bearings  arc  prints  then  out. 

8 . General  ,Method 

The  general  philosophy  of  the  calculations  in  this  program  is  the  minimiza- 
tions of  the  difference  between  the  rest  pos'tive  torques  and  most  negative 
torques.  Tnese  torques  are  calculated  at  different  deflection  angles  of  the 
control  surtace  and  the  largest  positive  ore  is  corpared  with  the  most  negative 
one.  The  stock  location,  wnich  gives  tne  difference  which  is  less  than  some 
fixed  epsilon,  is  the  answer . With  each  stock  location  and  the  torques  comput- 
ed, a-  appropriate  stock  diameter  is  determined.  Tne  details  are  somewhat  more 
complicated  than  this  brief  outline  indicates. 
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2.  The  number  of  iterations  must  be  = 50. 

3.  A realistic  initial  geometric  configuration  must  be  used. 
.g.t  a zero  initial  stock  diameter  cannot  be  used. 

The  program  uses  (1563)jp  storage  locations.  The  program 
break  occurs  at  (M72)jq.  The  common  break  occurs  at  (75^13)g. 

5.  Given  one  initial  configuration  (one  set  of  data),  the 
program  will  make  5 iterations  in  at  most  5 centihours. 

6.  Due  to  the  nature  of  the  problem  and  the  method  of  false 
position  many  more  than  8 iterations  will  probably  give  incorrect 
resul ts . 


7.  The  program  will  handle  more  than  one  set  of  data  at  a time. 
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IS  Arc...  in  i:r  c;- 

Paop j? lar  Slip 

/cacti on  llnco  c..i 
Hear  teai'.Uij; 

Koactlon  7 tv  eo  on 
Cwhar  i^aaiiv; 


iui 

SiAi? 


0=  ««  - I 


Puvrii  o;u  .fiJjiJ7.t1.tir 

/ i «**l  3 

••■.  .ijfc&n 

Vovvinon 
Me  :;i;!iii'J 
Yield  Stivsr; 

Velocity 

Uonaliy 


Seuaro  F.  at 

I’3i:C 

i oinJ.'i 
5n:-U-poiU\Ua 
J')ci  -iDUj.o':? 

V 'V* 

I/.iOuS  l 

1 ound-jeccnd/ (foot ) 


l!cto:  .‘*11  convernl o r.«  to  ml;>:  .Uwtiaisnc  com;  atiulo  £ •/ 


p Dace  Preparation 


Format 


Card  l 

Title 

72  BCD  characters 

12A6 

Card  2 

Title 

72  BCD  characters 

12A6 

Card  3 

AINIT 

Initial  Total  Area  (sq.fc.) 

E13.7 

AIFWD 

Initial  Fwd.  Area  (eq.fc.) 

E13.7 

A I AFT 

Initial  Aft  Area  {sq.ft.; 

E13-7 

AS1 

Sparc 

E13.7 

AS2 

Spare 

E13.7 

Card  4 

CR 

Initial  Root  Chord  (ft.) 

E13.7 

CT 

Initial  Tip  Chord  (ft.) 

E13.7 

SLOPCH 

Chord  for  Changing  Area  (ft.) 

E13.7 

S?C 

Span  for  Changing  Eal . Area  (ft. 

)E13.7 

CS2 

Spare 

E13.7 

Card  5 

BPL 

Spare 

E13.7 

BL 

Distance  between  Bearings  (ft.) 

E13.7 

SPAN 

Initial  Span 

E13-7 

Z1 

Spare 

E13.7 

Z2 

Scai’e 

E13.7 

Card  6 

CFL 

Brng.  Friction  Coeff. 

(near  Brng. ; 

E13.7 

CPU 

Brng.  Friction  Coeff. 

(other  Brng.; 

E13.7 

SPWCPC 

Spanwise  CP  Coefficient 

E13-7 

Cl 

Spare 

E13.7 

C2 

Spare 

E13.7 

Card  7 

S?1 

Safety  Factor  1 (Hydrodynamic) 

E13.7 

SF2 

Safety  Factor  2 ;Soa  Slap.: 

E13.7 

QE 

Positive  Allowance  Factor 

E13.7 

QE2 

Negative  Allowance  Factor 

E13.7 

SLRT 

Slip  Ratio 

E13.7 

Card  8 

RR 

-Percent-  Area  in  Race 

E13.7 

F. 

Taper  Ratio  Factor  E 

E13.7 

DLKULT 

Multiplier  to  get  Attack  Angle 

E13.7 

Z3 

Spare  \ 

E13.7 

Z4 

Spare  J 

E13.7 

A7/Y3  * S/l  far 

l 1.0  e.r  f W PL„c  ) 


-17- 


Format 


Card  9 

SLO 

Initial  Stock  Location  (Ratio) 

E13.7 

DELXST 

Initial  Distance  Change  Leading 

Edge  to  Stock  Cl.,  (ft.) 

E13.7 

Dl'AMIN 

.-Initial  Stock  Diameter  in.) 

E13.7 

EP1 

Epsilon  for  Unbalance  (inch-lb.)  E13.7 

EP2 

Spare 

E13.7 

Card  10 

CPSS 

Initial  Center  of  Area  to 

Near  Brng.  (ft.) 

E13.7 

ARMS 

Initial  Center  of  Area  to 

Stock  CL.  (ft.) 

E13.7 

SY 

Yield  Stress  (?SI) 

El  3.7 

DD 

Inner/Outer  Diameter  Ratio 

E13.7 

DUD 

Ocher/Noar  Diameter  ilaclo 

E13.7 

(h/Ack  *.i«4  -2  for  vnc.  <^o>*7rot  sttrf* 

uic.  a2  brnj  ) 

Card  11 

BETA 

Hull  Slope  Angle  (deg.) 

E13.7 

CMEGA 

Sweep  Angle  of  0l/4,,  Chord  (deg. ) 

E13.7 

RHO 

Density  lb-sec1-/^  ' 

E13.7 

V 

Velocity  (knots) 

E13.7 

DR13PT 

Initial  Distance  from  Root  to 

1/3  Point  of  Bmg. 

+ if  inboard  of  Root 

- if  Outboard  of  Root  (ft.) 

E13.7 

Card  12 

STH 

Stock  Sleeve  Thickness  (in.) 

E13.7 

SPHD 

Spherical  Diameter  Factor 

E13.7 

PT 

Program  computes  to  nearest 

Pt.  inches  (feet)  .Oioy/tfl/t  / 

E13.7 

Card  13 

NDEL 

Number  of  Deflection  Angles 

14 

NT 

Man.  Number  of  Iterations 

14 

NT1 

Spare  «=  0 

14 

NFAP 

= 0 Squared  Tip 

= 1 Faired  Tip 

14 

NSS 

= 0 Consider  Sea  Slap 

= 1 Don't  Consider  Sea  Slap 

14 

NCN 

= 0 Calculate  CN  1 

*»  1 Read  In  CNLOW  and  CNH1  and 

Interpolate  for  CNl 

14 

Card  14 

NIR 

* 0 for  Rudder  calculations  — 

/Re 

» 1 for  Fairwater  Planee  — 

14'  /R. 

. 

NDO 

Spare  - 0 

14 

M/J. 

Spare  - 0 

14 

NX  2 

Spare  = 0 

14 

NX  3 

Spare  = 0 

14 

NX4 

Spare  - 0 

14 

Ca.rd3  15 

ADEL (NDEL) 

NDEL  Deflection  Angle j (degrees)  6E13.7 

On^lL  o,  ? /v,r/,  r* .ys  j^fbrrJJUt ) 

Carc».3  l6 

CLLOU(NDEL) 

NDEL  Lou  Lift  Coefficients' 

6E13.7 

-18- 


Format 

Cards  IT 

CLHI(NDEL) 

NDEL  High  Life  Coefficients 

6E13.7 

Cards  18 

CDLOW(NDEL) 

NDEL  Low  Drag  Coefficients 

6E13-7 

Cards  19 

cdhi(ndel) 

NDEL  High  Crag  Coefficients 

6E13.7 

If  NCN  = 

_1 

Cards  20 

cnlow(ndel) 

NDEL  Low  Normal  Force  Coeff. 

6E13.7 

Card3  21 

CNHI(NBEL) 

NDEL  High  Normal  Force  Coeff. 

6E13.7 

Oo  to  Cards  22 

If  NCN  = 

_0 

Cards  22 

CPLOVJ(NDSL) 

NDEL  Low  CP  Coeff. 

6E13.7 

Cards  23 

CPHI(NDEL) 

NDEL  High  CP  Coeff. 

6E13.7 

Cards  24 

0MEGA1 

OMEGA 2 

Low  Angle  for  Coeff.  (deg.) 
High  Angle  for  Coeff.  (deg.) 

E13.7 

E13.7 

Rudder  or  Falruater  Plane 


The  tip  rcay  be  faired  or  squared. 


Hull  Slope  Angle 


Line  parallel  to  Ship  Center  Line 


Bearing 


Note:  Hear  Bearing  say  be  inside  or  outside  of  Root.  Other 
bearings  not  3hown  in  thio  picture.  Center  of  pressure  and 
center  of  area  are  defined  fren  the  geometry. 


Format £ 


{>,  The:  .in-wi;  iu  oxhAbibeti  on  ths  following  of 

fciiiS  iTOi'Oi'b. 

tit  A copy  of  cue  of  this  urr^r:‘.«u  ia  filoci  \rixn  i&u 

fttgiittl  Coapubci4  Daft'-i.’fci.'.O'J'ii  - 


0-0?> 


5.  APi(  11#  1967 


TAG  ROOM  210 


9 

002321 

AIK  WL) 

0000 

t< 

002320 

AiniT 

coco 

R 

000675 

ARE 

oooo 

R 

002  * 

w3 

002323 

AS  1 

0000 

l< 

00232*. 

AS2 

0000 

R 

002403 

AT 

oooo 

R 

002*. 

K 

0024S6 

ti  .>,v 

uooo 

K 

002370 

PLTA 

0000 

R 

002406 

DETAR 

ocoo 

R 

002  • 

R 

0G24t>2 

US  55 

OOOO 

H 

002332 

PPL 

COOO 

R 

Ou24b0 

DTOTPI 

GOOD 

R 

00  2«. 

R 

002-.45 

CGC 1 

OOUO 

H 

002451 

CCC2 

0000 

R 

GC031 5 

com 

oouu 

R 

ooo;- 

4 

001041 

C52 

ooou 

u 

002337 

CFL 

oooo 

R 

002340 

CFU 

OOOO 

R 

0014 

0C2414 

CK  5 

0000 

R 

000243 

CLHI 

ocoo 

R 

000221 

CLLOW 

oooo 

R 

OCO' 

4 

00207 

CM 

0000 

R 

U01 lbl 

C,VC  141 

ocoo 

R 

001231 

CSC  142 

oooc 

R 

0 0 i’. 

000651 

CUl 

0000 

IX 

0 0 1 C u 3 

C:,2 

000  3 

R 

0 0 0 0 0 0 

CCS 

oooo 

r3 

001  l 

*» 

0004  V) 

CpH  1 

0 0 0 0 

hi 

GO  1255 

C p l E 2. 

COOO 

R 

000411 

CPLCW 

oooo 

R 

002  • 

OUOcCl 

CPI 

0000 

K 

002325 

CR 

oooo 

R 

0024 1 o 

CRINIT 

oooo 

R 

CO  24 

001301 

CK2 

OOUO 

!( 

0 0 3 5 1 

CS2 

OOOO 

K 

002326 

CT 

oooo 

R 

C 0 2 7 

-\ 

Ou  Uut'.b 

Du 

0000 

R 

002473 

PEL Ar W 

oooo 

R 

001015 

LT.  LCD 

oooo 

R 

0007 

\ 

C02‘#72 

delta 

Cl  0 0 J 

u 

002471 

CELTH 

cor  j 

4 

002357 

LELXST 

oooo 

R 

C 0 2 3 

■7 

0 C 2 4 6 o 

i.L 

onoo 

R 

002415 

CLA 

oooo 

R 

002265 

PL  A IR 

oooo 

R 

0 0 22 

R 

002174 

Cm  1 3U'T 

ooou 

K 

002367 

DUD 

oooo 

R 

0C2352 

E 

oooo 

R 

0023 

R 

002467 

FAlPC 

0000 

R 

001421 

FL 

oooo 

R 

OP  1 325 

FN 

oooo 

R 

0012 

P 

0 Q 2 4 5 3 

gahe 

ooou 

1 

002317 

I 

oooo 

I 

002413 

L 

oooo 

I 

0024 

I 

0C2424 

r.jcL 

00G0 

I 

U 024  33 

r.oo 

ocoo 

I 

002427 

UFAP 

oooo 

I 

0024 

I 

002425 

(.T 

0000 

I 

C i.  2426 

NTl 

oooo 

I 

GO 24 34 

NX  1 

oooc 

I 

0024 

1 

002437 

f.X4 

0000 

I 

002432 

rjlR 

oooo 

R 

002443 

ODEL 

000  u 

R 

0024 

P 

002441 

CMfcGAl 

0000 

l( 

002442 

0MEGA2 

ocoo 

n 

002400 

FT 

oooo 

R 

0016 

o 

00234b 

CE 

OCC’G 

H 

0 0 2 3 4 7 

0E2 

oooo 

R 

UQ lbl 1 

(.F 

ocoo 

K 

0017 

X 

JG2P01 

CrtQApL 

0000 

R 

001755 

GhQFMI 

ocoo 

R 

001731 

GUCFPL 

Gone 

R 

0024 

4 

01565 

02 

0000 

l< 

002372 

RhG 

oooo 

R 

002351 

UR 

oooo 

R 

0024 

5F  2 

0004 

K 

OGuOOO 

SIN 

oooo 

R 

002375 

SLIP 

ocoo 

R 

0023 

:02cG3 

Sub  Ii< 

0000 

>( 

1)02327 

SLOPCh 

oooo 

R 

002350 

SLR  r 

oooo 

R 

0027. 

:T5;0233U 

5PC 

0000 

R 

002377 

SPRD 

oooo 

R 

002341 

SF  /.CPC 

OuOO 

R 

0024 

R 

CQ0531 

SORu 

00  Ou 

i( 

0 0 0 0 o o 

SORT 

oooo 

R 

0C2376 

STH 

oonu 

R 

0022 

K 

000062 

tecl 

0000 

R 

000144 

TITLE 

ocoo 

R 

002075 

TO  TP  I 

OuUO 

R 

0 02G 

002373 

V 

0000 

R 

002401 

V2 

ocoo 

R 

002454 

XCD 

ocoo 

R 

0 0?4 

' 

ooocco 

XST 

0000 

H 

0G2316 

2LAW1 

ocoo 

K 

002447 

2LA.72 

oooo 

R 

0024 

rx 

00233b 

22 

0000 

R 

002354 

23 

oooo 

R 

002355 

24 

I 


i 


DIAGNOSTIC* 

1. 

2. 

6 • 

4 • 

J # 
u . 
f. 

U I 

9. 

10. 

11. 

1 C 

c 

. c 
W 

1 u . 


UNRAL  APPEARED • IjUT  fiE  VE R REFERENCED. 

DIVERSION  XST  ( GO  ) # TlCL  1 bO  ) 

DIMLNSlGN  T I T L L ( 2 *j  ) #ALiEL(20)  #CLLO'a<20)  #CLmI  (20)  # 
lCPLU'.x  ( 20  ) < cr.hl  (20)  #CNLCh(20)  » CUH I (20)  » CPLOW  ( 20  ) .CPHI  (20)  . 
2AA(20)  » AA|<  A!)  ( 2 U ) #SCihO(2C>  * Cl  1 ( 20  ) • CPI  { 20  > * CUl  ( 20  ) # CN 1 ( 20  ) ♦ 
3ARE(2C)  * DLLLL  ( 20 ) »CL2(20>  »SbCLS(20)  # PEl.Ct)  ( 20  ) »Cu2(2.U)  # 
40,2(20)  # CR 1 ( 20 ) #0  0 41(20)  .CVCUl  (20)  #Cf  0 42(20)  » CVC  14?  ( 20 ) » 
SCl-'LL?  ( 20 ) * Cl<2  ( 2 0 ) ► FN'  ( 20 ) » F H ( 20 ) » DM ( 20 ) » FL  ( 20  ) # F U ( 20  > » 
6CKl‘j(20)  #CKln(20)  #01  (20)  #U2(20)  *OF(20)  »0AI3L(20)  # CAV.l  (20)  # 
7x.li<20)  » ul  IGFJ’L  (20  .GhGF'PI  <20)  # Oi  ii#APL  ( 20 ) # 0 H 0 A V 1 (20)  » 
LTUTPL120)  1 1UTM1  (20)  #01F  (bU>  #SLOIR(bO)  #UN0AL( 2b)  #l)LAIR(25> 

2 L A ,v.  1 : ,41'»0 

RUDDER  A t.O  FAIR  PLAr.'E  DESIGN  CALCULATIONS 

CALI  S TAPIR 

Ir-  ACCUMULATOR  (JVLRFLOh  » 


■j4  H«S.  APR  11#  1 ‘Jo 7 


TAG  ROOM  210 


7 17. 

10. 

J 19. 

20. 

21. 

' , 22 . 

23. 

24. 

25. 
2o. 
27. 
2d. 
29. 
.TO . 

31. 

32. 
33. 

24. 
_____  3b. 
3o  . 

37. 

3« . 

39. 

40. 
‘*1  . 

42. 

43. 
, 44  . 

_____  4b. 
4o . 

_ 47« 
4d . 
_ 49. 

*”  50. 

51. 

52. 

53. 
54  • 
5b . 
So. 
57. 
5U . 

59. 
60  . 

__  61* 
62  . 
63 . 
6** . 
6 b . 

60 . 
67. 
>6  . 
6 9 . 
70. 


1 READ  INPUT  TAPE  l » 2 # < T I TLE ( I ) . 1 = 1 # 24 ) . AIN  IT # 

1 A IK  V,D . A lAKT.Abl  , Ab2  # CR  > C J , SLGPOl . SPC  » C52  # 

2EPL  * IJL  » SPAN # 2 1 * 22 » Cf  L » CPU#  SPl.CPC  * C 1 * C2  * 

35F  l # SF 2 . („E  * CL'2  # SLUT  # RR  # F.  # DLMULT  » 23 » 7. 4 # 

_ 45LO#DLLXST  »UI AM lN»EPl  » CP2 # CPSS* ARMS » SY * CD » DUD r 
5UETA  » U''c.6A  » RHO » V # L'Rl  3PT 
SLIP=5L«T 

2 FOR NAT ( 12A6/12A6/(5E13.7)  ) 

READ  IMPUT  TAPE  1 . 3123*STM*5PHD#PT 

3133  FORMAT (3f 13.7  ) 

_ V'  2 “ 1 . 6 6 . i * V ♦ V ♦ 1 • b A .1 
XE=3. 141592o5»E 
C 

C INITIALIZE 

C _ 

at=ainit 

AKWD  = AIFV.D  ______ 

AAFT=A1 AFT 

_ BETAR=PLTA*3. 14159265/100. 

T-S  IN  ( PE  T AR ) /COS  (uETAR) 

CR IUl T-LR  ._  . _ 

S P A N I f 1 - S P A N 

SLOIN=bLO  _ 

SL0IR( 1 )=SLO 

L- 1 

DLAIR( 1 )=DIAVIN 

CK5=. 09617b*  U.-0Q**4)*SY 

DL A-D 1 Am  1 . ; 

CRLOOP  = CR  _ _ 

CM=(CT4CRL00P)/2, 

XST(1 )=Cf«SLOIN 
TECU1)=CM-XS7  (1) 

_ NL=l 

DPL=SPwCFC*SPAN+PR13PT 

ARMS  I N- AR  VS  

CPSSIN=CFSS 
DRPT I N = UR 1 3PT 

READ  INPUT  TAPE  1 . 4 , NDEL > NT # NT  1 # NFAP . NSS # NCN # N1R » 
1NDO  » NX  1 * I .X  2 # NX  3 # NX4 
4 FORMAT  (614  ) 

READ  I NPliT  TAPE  1 » 3 * < ADEL  (M)  » M=1 » NOEL ) 

read  input  tape  i # 3»  (cllov. (m»  »m=i  .null) 

READ  INPUT  TAPt  1 » 3 » ( CLP  I ( M ) » M = 1 » PEEL ) 

READ  INPUT  TAPE  1 . 3 » < COLO* ( M ) # Mr  l . NOEL ) 

_ READ  INPUT  TAPE  1 . 3» (CCHI (M) »M=1 tNDEL) 

IF (NCR) 3443 #4334 #3443 

3443  READ  INPUT  T Apt.  1 # 3#  (CPLOw  CM)  #M=1  .NOEL) 

READ  INPUT  T A Pc  1 » 3 # ( tf.H  I ( N ) » M=  l » NOEL  ) 

4334  READ  IliPuT  TAPE  1 # 3 » ( CI'LO.v  ( M ) # v=  1 # NULL  ) 

READ  INPUT  T APE  1 # 3 » ( CPU  I ( M ) # M.=  1 » NOt  L ) 

3 FORMAT (6E 13. 7 ) 

C 

c 

00  5 M=1#NDEL 


WTi  .fT-- SUBMlhSaBCi 


APR  il*  19o7 


TAG  ROOM  210 


71.  . AA(M)=DLMULT*AOrL(M) 

72.  AARAD(M)=AA(M)/ibO. *3. 14159265 

73.  5 SGRU(M)=AARAO(M) *AARAO(M) 

74.  C 

73.  C . _ WRITE  OUT  INPUT  DATA  AMD  TITLE  __ 

7o.  C 

77.  WRITE  OUTPUT  TAPE  2*6* ( TITLE ( X >’ 1=1 *24 ) 

7U . 6 FORMAT  ( 1H lc  tiX  » 1 2 A6/2r,X  » 1 2 A6/1H052X  # 

79.  124MTAUULAT ICU  OF  INPUT  DATA  > 

80.  C 

,81. WRITE  OUTPUT  TARE  2 » 7 . A I FwD . CR  t A I AFT  . CT  » A I Ml  T # 5L0PCH 

82.  7 FGRRAK  Jll016Xt20UAREAS  IN  SCUARE  FEET4  7X  > 1 4HCH0RDS  IN  FF.ET// 

83.  . 126X  f lGHlNlT  I AL  AREA  F,.D  =F9.4»39X»14H INITIAL  ROOT  =F9.4/ 

64.  226X>16H INITIAL  AREA  AFT  =F9 . 4 , 4uX » 5HT IP  =Fg.4/ 

85.  . 324X»20H  INITIAL  AREA  TOTAL  =F9.4»15X«  . _ 

8o . 430H5LCHLD  CHORD  FOR  CHANGING  TOTAL  AREA  = F9.4  ) 

-07.  WRITE  OUTPUT  TAPE  2 # 8 * SPAN » SPwCpC # OR  1 3PT t CLMULT » DPL * 

80.  IE  # UL  » RR  » CFL.CFU 

69.  _.C  . . 

90.  8 FORMAT ( 1H018X# 15HLENGTHS  1NFEET52X» 

.91.  _ . 121HDIKEN5ICNLLSS  NUM.DLR5//38X  » 6HSPAN  =F9.4»28X#  

92.  225HSPAMWISE  CP  COEFFICIENT  =Fg.4/l7X* 

...93. 327HKOOT  TO  1/3  POINT  OF  &HNG  =F9.4i3lX#  . ..  . 

94.  422MMULT 1 PL IER  TO  NET  AA  = F9.4/26X . 1 LiHCP  TO  NEAR  ERNG  =FQ.4» 

95.  53 IX » 22HTAPER  RATIO  FACTOR  E =F9.4/22X » 22hLLNGTH  DETivEEN  BRNGS  = 

6 . 6F9 . 4 i 

97. 731 X # 261 IFRAC  T I ON  OF  AREA  IN  RACE  =F9.4/79X»  . 

9u.  827HURNG  FRICTION  COEFF  NEAR  =Fg.4/79X» 

99. 927UURNG  FRICTION  COEFF  OTHER  =F9.4  ) ...  . 

100.  WRITE  OUTPUT  TAPE  2 . 600 # CPSS * TECL <1 ) » SPC 

101.  . 600  FORMAT ( 1H01“X»29MCENTlR  OF  AREA  TO  NEAR  BRNG  =F9.4/5X» 

102.  139HTRAILING  EDGE  TO  CENTER  LINE  CF  STOCK  -F9.4/12X. 

103.  232HSPAN  FOR  CHANGING  Li  A LANCE  AREA  =F9.4  . 

104.  WRITE  OUTPUT  TAPE  2 . 604 . ARMS 

103. 604  FORMAT  (1H  1 OX  * 25HCF.NTLH  OF  AREA  TO  STOCK  = F9.4 

10o.  WHITE  OUTPUT  TAPE  2 »9 # SF1 » SF2 » OE * 0E2 » DUD  * UD » 5LRT 

107.  9 FORMAT ( o9X » 17NSAFETY  FACTOR  1 = Ff>.4/RRX» 

106.  117HSAFETY  FACTOR  2 =Fg , 4/86X * 20H+  ALLOWANCE  FACTOR  =F9.4/ 

109.  _ _ 286X  r 2 OH-  ALLOWANCE  FACTOR  =F9 . 4/R3X  • 23HOTHER/  NEAR  DIAMETERS  =F« 

110.  3/63X.23H1NNLR/CUTER  DIAMETERS  =F9.4/  94X.12HSLIP  RATIO  = F9.4 

111.  C 

WRITE  OUTPUT  TAPE  2 * 1 0 » SY * DET A ♦ RHO  »V  *SLO. 

10ELXST » NT 

FORMAT  < 1H010X»  36MM ! SCELL AnEOUS  INPUT  WITH  DIMENSIONS  // 

1 1 9X  » 23HY  I LLU  STRESS  LU/50  If.Cn  =E12.4/21X> 

223HHULL  SLOPE  IN  lEGRtES  =F9.4/16X» 

32tiHDLNSITY  Ln  SEC  So/FT  4TH  =F°.4/20X#  

4 1 oHVELOC 1 T Y KNOTS  =F9.4/1H018X» 

523M ( AS  A RATIO) INITIAL  5L0  =F9.4/1SX» 

629H (IN  KELT  ) INITIAL  CEL AST  =F9 . 4 / 1 HO  1 1 X * 

7 3 2 MM AX  NO.  OF  LOCATION  ITLPATIONS  =14/  ) 

WRITE  OUTPUT  TAPE  ? . 1 1 . LP 1 * STH* SPHD 
FORMAT  ( 1H’.V(iX#2GHL  P3ILCN  FOR  UNoALAf.CE  =F9.4/16X» 

126H3LLL VE  THICKNESS  In  INCHES  =F9.4»21X# 


112. 

113. 

114.  10 

115. 

110. 

117. 

11(3. 

119. 

120. 

J • 

122. 

120.  11 

124. 


•if  *■ . APR 

11* 

1967 _ ... 

TAG  ROOM  210 

> 

125. 

227HSPHEnlCAL  UIA-ETF.R  FACTOR  =F9.4 

) 

12o . 

IF  CNF AP ) 624  * 62b  * 624 

127. 

624 

WRITE  OUTPUT  T-.PE  2*626 

12o  • 

626 

FORMAT  ( 1H0S5X  * 19HTHE  TIP  IS  FAIRED 

i2y. 

GO  TO  628 

130. 

025 

WRITE  OUTPUT  TAr>E  2*627 

131  . 

627 

FORMAT  ( lt.^bNX*  19H7UE  TIP  IS  SQUARED 

. ) 

132. 

626 

WRITE  OUTPUT  TAPE  2 * 7777  * D I A)'  IN 

133.  7777  FCF.VAT  ClH04ly*34MlNlTIAL  STOCK  DIAMETER  IN  INCHES  = 

134.  1E15.U  ) 

1 3b « C 

136.  \l SITE  OUTFMT  TAPE  2*605 

137.  _ 605  F CRM  A T ( 1 u 1 5 5 X * 1 c 1 1 1 f :pij  T COEFFICIENTS  ) 

136.  WHITE  OUTPUT  TAPE  2 . 1 2 * ( ADEL  ( V ) * A A ( M ) # CLLOri  ( M ) . CLHl  ( V ) * 

13y.  _. _ lCCLCW(t’)  »CDHI  CM)  *CNLC.1<M)  rCl.hK.X)  *CPLOWtM>  »CPHI  (V)  , 

14  0.  2M- 1 * NUEL ) 


141  . 

12  _. 

142. 

143. 

144. 

14b. 

C 

146. 

C 

t 

_c 

wl  **b  • 

c 

149. 

150. 

13 

151. 

152. 

1 4 

153. 

154. 

155. 

1 ~ J • 

157. 

608 

1 5d . 

607 

159. 

16C. 

bO'y 

lol . 

6Go 

Ic2 . 

610 

163. 

1 <j  4 . 

lob. 

1 06  . 

167. 

17 

loo. 

169  . 

16 

170. 

1515 

171. 

• « 

. — . 

• 

1 -3. 

15 

174  . 

c 

17b. 

C 

1 7o . 

177. 

170. 

10 

FCHMAT(1HC6X*4HADEL4X*22I'ATTACK  ANCLE  CL  LO 
152H  CL  HI  CD  LO  CD  HI  CN  LO 

239H.  CN  HI  . CP  LO  _ CP  HI  / ( 1 X * F 1 1 . 4 . 1 X * 

3F 12 . 5 * CF 12 . 7 ) ) 


Interpolation  or  extrapolation  to  get  ci  . 

READ  INPUT  TAPE  1 ► 13  * OMEGA1 * CMEGA2  . . ..  .....  

FORMAT  UE  13. 7 ) 

.WRITE  OUTPUT  TAPE  2 * 1 4 * 0*-‘EGA  1 > OMEG *2  * CEGA 
FORMAT!  1H056X*  lOMLO  Af.CLE  = F3 . 4/57X  , 1 OHM  ANGLE  =F6.4// 

148X  * 2GH5VIEFP  ANGLE  OF  1/4  CnCRD  =F6.4  ) 

0CEL=CVEGA2-0MLCA1 

. ODELUOMEGA-CNF.GAl  . . ...  

I F ( NC f, } o 0 r: » c 0 y » o 0 d 

WRITE  OUTPUT  T Ap£  607  

FC.RV.AT  ( 1H0///47X#3GHTHE  CN  COEFFICIENTS  ARE  INTERPOLATED/// 

GO  TO  610  . . . 

WHITE  OUTPUT  TARE  2*606 

FORMAT  ( 1H0///4SX  » 34MTH.5  CN  COEFFICIENTS  ARE  CALCULATED///  ) „ 

DC  15  "=  1 * NLEL 

CLl(M)=CLLC*.(H)4(CLHl(M)-CLLOw(H)  )/OCEL*OnELl  . 

CPI  {:•*)  rc  PLOW  (M»4(C  PHI  CMJ-CPLC,.  (M>  ) /CEEL • CC LL 1 

CD1  (,v)=CCLC..(  A ) 4 ( CDliI  (M)-COLOrfCM)  )/ODEL*CDELl  

lFCNCN)lo*17*lo 

CM  tl*)=CLl  U-  ) «COS  (AARAD(M)  )*CD1(M)*SIN  ( A ARAD  CM)) 

GO  TO  lblS 

04  CV)=Cl;LCw(M>4CCNHl (V)-CNLCrf(M) )/OPEL*ODELl  

CHI  ( M ) = S)HT  (C01  (M)  *CD1  (V)  +CL1  C.M)  *CL1  CM)  ) 

CPC141  (M)  = .2b“f.}>l  CM)  

CMC  14)  (M)=CNl  C)  * CPC  141  CM) 

CONTINUE 


WRITE  OUTPUT  TAPE  2» 10. ( AA CM) .CLl (M) *CP1 CM) *C01 CM) #CN1 (M) » 

r*=l*::niL)  , . 

FORMAT  ( 4bx * JSHInTEKPOL ATED  VALUES  or  CCCrF  IC  IFNTS/1U0 


% 


MMM 


4 5*4  HRS.  APR  11  * 1 967 


179. 

iao. 

4 

a 

181. 

02 

102. 

22 

C3 

183. 

J4 

184. 

013 

10b. 

21 

Oo 

lOti . 

07 

187. 

23 

.0 

let}  • 

u._ 

109. 

12 

1Q0. 

13 

191. 

14 

192. 

14. 

193. 

C 

14 

194. 

C 

14 

19b. 

C „ 

15 

19o. 

20 

197. 

642 

21 

190. 

^2 

199. 

643 

_'5 

200. 

t 

201. 

611 

31 

202. 

203. 

612 

\ 

20-r  . 

613 

20b. 

35 

206. 

Zb 

207. 

n 

2 GO. 

•■•o 

209. 

-0 

210. 

C 

*,0 

211. 

C 

4 0 

212. 

C 

40 

213. 

c 

41 

214. 

42 

21b. 

43 

216. 

4 4 

217. 

24 

4t> 

210. 

60 

47 

219. 

50 

220. 

.53 

221. 

54 

222. 

5 b 

223. 

bo 

224. 

M 

22b . 

28 

/.  y 

4. 

22b. 

29 

*’4 

227. 

(.( 

220. 

229. 

2323 

j 

230. 

/ b 

231 . 

/5 

232. 

16X*12HATTACK  ANGLE 19X » 3HCL123X « 3HCP123X » 3HCD123X » 3HCN1/ ( 1H0 

210X*F5.2#4F26.*»)  ) 

IF  ( NF  AP ) 2 1 .22*21  . ‘ 

CCCl=.000 

ZM=1 .63636363b  . . 

GO  10 

C0C1  = .4  

ZP=. 72727272 

2LAP2  = C1  /r  <[  OOP  ...  . . ...  

D = CUC  1 -Z,,-*Zl..\M 1 

C0C2=2F,*2LA,v2+U  . ..... 

OALAzAR-.D/AT 

GARC  = SPAtJ'AT*SPAN  _ . . 

XCD=CDC2-C0C1 


TAPER  RATIO  CORRECTION 

IF ( NSS ) 642  * 043*642 

AH«S=0.0  . . 

CPSS=0.0 

DO  24  P-l  »NDEL  ....  . . . ... 

IF(NlR)611*fcl2*611 

ARE  (/•')  =2.  »GARE  

GO  TO  613 

ARF  (*•')=  6 Af!f*(2.-AA(M)/25«  ) 

CELCL  ( V ) =XCD * bC.RD  ( M ) / ARE  ( M ) 

CL2(M)=CL1 (M>+DELCL(M) 

5QCLSIH)  = (CL2(M)4CL1  (?•'))  *DELCL<M> 

DELCD ( P ) =SCCLb ( M ) / ( XE ♦ ARE ( M ) ) 

CD2(M)=CD1  ( M ) ■*  L'ELCn  ( P ) 

CN2(M)=CL2(M)*C0S  ( A Ar  AD  ( K ) ) +CD2  < M ) *5  IN  ( A ARAD  (MI) 


CMCl42(P)=CPC141 (M)-.b*DELCL(M) 

_CPC1H2(P.)  = Cf  C 142  (f)  /Cl, 2 (Ml 
CPLE2 ( M ) = . 2 j-CPC 1 42 ( M ) 

Cf< 2 <:•'.)  = bCRT  (CL2(i;)  *Cl2(M)+CD2(M)  ♦CD2(M)  ) 
S0=AT*V2*  ( RR*  1 1 .♦SLIP)  **?.*  1 • - RR ) /2  • *RHO 
fJBM-0  • 0 

DO  29  P = 1 * NDEL 
FN(F)  =CM2  <P  ) 4'jO 
FR(.v)=CR2(P ) 

DM(M)=FK(P>  *!'PL*  1 2 . 

IF  (Abb  ([}'•'<;•;)  > — Li  • 1 F*. ) 29  * 29  * 20 
BbM=AUS  ( IIM  ( M ) ) 

CONTINUE 

WRITE  OUTPUT  TAPE  2 . 2323  * L * AT  * AFWO * DEADPAN* 
1SL0* CHLOOP 


1 lbX»  12IIT01AL  AK^IA  =L  15 . U * 3X * 14HA|<E  A FOULARD  =L15.0*3X. 
214H  UIAPLTlK  =LlS.r.//lH024X»uHbPAM  =Elb.U»HX* 

3bHSL0  = E15.c*oX*4HC|<  rtlb.O  ) 


TAG  ROOM  210 


MRS.  APR  11,  196  7 


1.  WRITE  OUTPUT  TAPE  2 , 64 0 » CpSS # ARPS 

6*1 0 FORMAT  ( II *0 51 X »29HC ENTER  OF  AREA  TO  NEAR  CRNG  =E15.O//lh052X» 
^35.  _ 12UHCENTEH  OK  AREA  TO  STOCK  CL  =E15,G  ) 

23u.  WRITE  OUTPUT  TAPE  2 » 61«  » TCCL  <L ) 

237.  614  FORMAT!  1IUI4  3X  # 24HTRA I L I NG  EDGE  TO  STOCK  =E13,6» 

23U.  16H  FEET  ) 

239.  . WRITE  OUTPUT  TArE  2 » 64 1 # OR 13PT » HPL 

240.  641  FORMAT(1I1040X»2SHROOT  TO  1/3  PT.  OF  HRNG  =E15.R//49X, 

241.  . . H7HCP  TO  NEAR  UM!6  =Elb.O  ) 

242.  WRITE  OUTPUT  T'fT  ? , 2b  » ZLAM1 » ZLAM2  » COC 1 , CDC2  » t.FAP 

2**3. 25  FORMAT  ( 1M1  SiX  »2t;HTApER  RATIO  CORKEC  T I0U/1HG3X  # 

244.  19HLAM0DA1  =F 10 . 5 # oX , 9hL AVUDA2  =F10 . 5 * 8X * 6HC0C 1 =F10.5#10X» 

24b. 26HCDC2  =F  10 . 5 * 13X » GHNF AP  =14  ) 

246.  WRITE  OUTPUT  TAPE  2 * 26  * ( AA  ( M) ♦ AARAO ( V ) # GARE  , ARE ( M ) » 

247.  ...lOcl  CUM)  • CL2  ( M ) » DELCO  ( M ) rCOZlK)  »M=l»NOEL>  

24b.  26  FORMAT ( IMP] X # 32H  ATTACK  ANGLE  IN  RADIANS 

249.  14UH  . GEOMETRIC  ASPECT  RATIO  DELCL 

250.  24GH  CL2  UCLCD  CD2  / 

251 . 3 ( 1H0F12 . 2 » El 0 . 6 » Fl4 , 4 » F17 . 4 » Fl5 . 5 » F 17 , 5 , F 1 5 . 5 » Fl7 . 5 ) 

252.  WRITE  OUTPUT  TAPE  2 * 27  # ( AA  ( M ) * AARAO  (N ) # CN2  ( M ) » CMC  142  ( M ) * 

253.  1CPC142IM1 • CPLE2 ( “ ) * CR1 < M ) , CR2 (M ) »M=1 * nDEL ) 

254.  27  FORMAT ( 1H0 1 X » J2H  ATTACK  ANGLE  IN  RADIANS 

25b. 14UH CN2  CMC142  CPC142 

25o . 24UM  CPLE2  CR1  CR2  / 

257.  3(lH0F12.2*F10.6fF14.4,Fl7,4»Fl5.5»F17,5»F15.5»F17.5  ) 

2cs.  C 

• _ C CALCULATIONS  OF  TORQUES  TO  GET  UNBALANCE 

^60.  C 

261.  _ C _ ...  

262.  C FRICTION  TORQUE  CALCULATIONS 

263*  C _ _ _ 

264.  DO'  35  M=1  # NOEL 

265.  .IF (CFU) 135» 136# 135 

26b.  136  FL  ( M ) =FK ( M ) 

267.  _ FU(M)=FR<M) 

266.  " GO  TO  137 

2l>9.  135  FL  ( M ) =FR  (*•■)♦  ( DPL  + 'jL  ) /DL 

270.  " FU(M)=FR(P)/ul.UPL 

271.  137  _CK15(.X)=CFL*FL  (M)  * .5 

272.  CK16(K)=CFU/2.*FU(M) 

273.  _IF(CFL-. 1)20,31# 31  

274.  30  Q1  ( M ) = CK  1 5 ( V ) *5PHl)*DL  A 

27b.  GO  TO  32 

27c.  31  01 (K)=CK15(M) • (CLA+2.*STH) 

277.  . 32  IF  (CFU-.  1 )33#34#34  _ 

27 U.  33  02(M)=CKlo(V)  *5PHJ«‘0LA*DUD 

279.  _ GO  TO  35 

260.'  ‘34  Q2(M)=CK16(M) •CLA*DuO 

2U1.  C 

2B2.  C 

2,63.  35  0F(p)=ni(M)4Q2(M) 

*-  • wRIir  OUTPUT  TAPED, 3G»SO»  (FN(M)  rFR(M)  »FL(M)  » 

265.  1FU(M)  #f=l 

2<Uj.  36  FORMAT < 1M1 45X # 32MTAULES  OF  FORCES  AND  TORGUCS  ON 


O 


G -Z£T 


1454  HRS.  APR  11  , 19t>7 


TAG  ROOM  210 


3 

257 . 

206. 

. 0?.b 

289. 

-025 

290. 

:u?b 

2C»  1 • 

C 

:2  b 

292. 

C 

29j. 

c 2 b 

29*. . 

2 "•  b • 

37 

• 1 

2 5u » 

:*i 

297. 

C 

-•41 

29o . 

C 

- 4 1 

299. 

C 

.-•♦2 

300. 

,4b 

201. 

. !*6 

302. 

38 

. -.6 

303. 

C . 

.46 

204 . 

c 

. 4b 

30b. 

_ c ... 

.nG 

30c . 

:-5i_.. 

. 307. 

:s2 

30b. 

. -s  _ 

309. 

5 b 

310. 

S’* 

311. 

212. 

»<1 

313. 

- 6 2 

31s. 

, i 

— » w 

31b. 

•-  b 

316. 

39 

6 

217. 

c 

>1 

31b. 

40 

70 

319. 

73"' 

320. 

41 

74 

321. 

42 

76  ‘ 

322. 

62 

’7 

323. 

0 

32s  . 

,1 

32b« 

.2 

32u  • 

b20 

. 3 

327. 

4 

32o. 

57 

4 

329. 

c 

4 

330 . 

c 

7 

331. 

58 

7 

332  . 

0 

332. 

: l 

334. 

59 

. l 

33b. 

l 

33o  • 

C 

i 

337. 

c 

a J 

33a. 

56 

2 

3 29 . 

: 3 

240. 

16HRL'DCrR/l'.HCC0NSTAf.T  S3  =El3.6r?6H  NORMAL  FORCE 

252H  RESULTANT  FORCE  FORCE  ON  HE AR  liRNG • 

32cH  FORCE  ON  OTHER  liRNG  • // 1 1H031X  * E15 . 0 * 12X  * E 15 . 5 1 1 OX 

4E15.8* 11X*E15.6  ) ) 


WRITE  OUTPUT  TARE  2 # 37  * ( AA ( M) » CKlb ( K > » CK16 ( M> # 01 <M) » 

1 C 2 if-')  *G-' ' «•■)  *N  = 1 »;.CEL) 

FORMAT  Hr  .X  » 1 JI-ATTACK  ANGLE 14X*  upCKl 5 1GX  * 4HCK 1619X » 
12HO12CX*2nO^20X#2iiCF/  ( 1 hObX  . F 7 . 3 * bX  * St 22 . 6 ) ) 

CALCULATION  OF  QA  PLUS  AND  CA  MINUS 

DO  33  1 * NOEL 

CAF,L(M)=f.r>Cv*FN(V)*12.  _ 

GAM  I IM)=0E2*C.V*FN(M)  ♦ 12. 


CALCULATIONS  CF  GH  AND  FINAL  CALCULATIONS 
DTOTPL=0.0 

BTOTVl  = u.O  _ 

DO  42  V=]*NOEL 

OHl  .*•:)=  (SLC  - CPLE2  ( M ) ) *CM+FN ( M ) *12 » 

QHQF  PL  ( M ) =0'H  ( •• ) +0F  ( M ) 

GHGFM  I ( ‘ ’ 1 = CM  ( *' ) -qF  ( I-*, ) 

GH3APL  < V. ) - NM  ( ) * OAPL  ( M ) 

OHOAMI  (*•',)  =OM(.V)-GAVI  (M) 

TOTPL  C )=UHUFPL (M) +OAFL(V) 

IF  (AES  (TCTPL  (VJ  ) -DTOTPL ) 40  * 40  * 39  . .. 

OTOTPL=AUS  ITOTRL(M)) 

TOTMI  (*•')- C H G F I (Ml-QAMI  (M) 

IF  (ADS  (TOT,1.  I (M)  J-OTOTMI  )42»42»41  . . 

DT01MI=ADS  ( TOTMI (M) ) 

CONTINUE 

DIF (L)=UTOTPL-DTOTMI 

SFS=12Di.  0 • * AT  . ..  

CV.SS  = SFS»CPbS 
CSS  = SF  S * ARMS 
UbV=OLV 

Di=uii;.,*‘j:,.v  _ 

IF (DIF ( L ) >59*59*58 


DLA=<  ( UP/M+SCrT  (ni+UTOTPL*OTOTPL)  ) / ( 2 . *CK5 ) *SF  1 
1)**. 33333333 
GO  TO  56 

CLA=(  n i '•••‘SORT  ( HI  ♦UTOTMl *OTOTMI ) ) / ( 2 . *CK5 ) *SF 1 
1) ♦♦.33333333 

56  CONTAINS  A CALCULATION  FOR  DL A CONSIDERING 

sla  slap  force 

OL  =((U-M  4..C.H T (31  ♦OSS*GSS)  >/(2.*CK5)  * 

1SF2 ) • ♦ . 3333»'333 
IF (DL A -LL loo 2 *022*24 23 


TAG  ROOM  210 


O 

HRS.  APR  11 . 1907 


, 341. 

342. 

343. 
344  . 

340. 
340. 
34  7. 
34d. 

349  . 

350  • 
351 . 


3 54. 

35o » 
25o . 
357. 
350. 

359. 

360 . 

361 . 

302 . 
203. 
304. 

iS  « 

2 6 o . 
36  /. 
366 . 
269. 

2 70. 

371 . 

372. 

373. 

3 74. 
370. 
37o. 
377. 
376. 
379. 

'330. 

361. 

'302. 

303. 

304 . 
365. 
300 . 
207. 
360 « 
369. 
V)U. 

391 . 

392. 

393. 
394  . 


DLA=DL 


2324 


'/  WRITE  OUTPUT  TAPE  2 r 2324  . L » AT » AFWD  # UAl_A  . SPAN* 

1SL0 » Cl<LOC*P  » U V, » CL  A » OilM  . . . _ 

\ POK.VATdMl'wiXt^uHMllS  V.- AS  I TER  AT  I CN  NUMBER  I4//16X. 

i 1 i I . T ' ' T L =L1:;.  j»2X»  14PARCA  FORWARD  =515.8. 3X»  

2 1 4 r. A i> E A OAlAnCL  = ;'.lb.O//  17X.OHSPAN  =E15.G*6X. 

35HSLO  = L 1 5 . U » ux  * 12HK0CT  CHORD  =CI5 . 6//17X . ..  

MSMVCArj  CHORD  = c_  1 o . L . 4 X # 1 6HST0CK  DIAMETER  =E15.8»4X* 

OK'i«U.TNDl;.G  r-OVLl.T  =E15.8  ) ....  

WRITE  OUTPUT  TAPE  2 r 645 . BV.SS  * OSS 

FORMAT  ( lhC49X » 20HSEA  SLAP  DcNOlNG  MOVENT  =E15.8//SGX» 

1 17p.SE A SLAP  TGtOjUL  =Fl5.G  ) 

WRITE  OUTPUT  TAPE  2 » 4 2 * ( A A ( M ) . Fn ( V ) , CH ( M) * QAPL ( V ) » QAMI ( M ) t 
1GP0  APL  ( ?•* ) * OnGAf'  I ( *•  ' ) # V*  = 1 • NOEL  ) 

FORM.*  T ( 1P08 1 X * 3 j*IT  AULt  OF  HYDRODYNAMIC  TORQUE  AND 
132HALLC./AnCl  I UR  CUE  WITH  THE  I H SUMS/  oX» 

2 1 211  AT  TACK  ANGLLOX.  12F.r.CRVAL  FORCE  1 1 X . 2HGH1 5X » 3H  + C A 15X  . 3H-Q  A 1 3X » 
37HCH  + C A 1 1 X » 

47HCH  - UA//(RX.F5.2»6X»6E10.8  ) //  ) .. 

WRITE  OUTPUT T AP5.2  » 44  » l ADEL (K) • A A (M) »OF(M) » QHQFPL ( v ) » QHCFMI (H ) * 
lTOTPL(f’)  . TOTVI(.V)  f,V=l,f.uEL)  . .. 

FOMV AT  ( IH04  0X  » 36HT  APLE  CF  TOTAL  TONGUE  PLUS  AND  Mir. US/ 
i 4X»  IcHOcFLECTION  Af,GLC4X » 12HATT  ACK  ANGLE  1 OX  ► 2HGF  1 2X  * 7HQH  ♦ 0 
211X.7HCM  - UF9X. 

312HUH  4 OF  4 CA  6X.12H0H  - OF  - QA// ( 9X . F5 . 2 » 6X . 6E 18 . fl//  > ) 

IF  (M-l)  470»470»  4 6 
IF  (AGS  (D  IF  <L>  J-EP1  >47.47.48 
IF  ( L- 1 ) 49 » 49 » 00 
IF (DIF (L) ) 51 .52.52 

DELXST=-LELXST  

FALPO=XST ( 1 ) +UELXST 
GO  TO  S3 

I F ( NT-L  ) 54 . 04  » 55 

FALPC=(UIF(L-D»XST(L)-DIF(L)*XST(L-I)  )/ 

1 (DIF  (L"l ) “l)IF  (L)  ) 

_ L = L + 1 _ _ 

f.L=L 

XST(L)=FALPO 
"DELXST  = XST(1)-XST(D 
ARf/S=ARMSlN+D£LXST 
DELS  = Dr  LXST  * T 

DR13PT=DUPTIIJ-CELS  

CPSS=CPSSIN*Ct.LS 

SPAN  = SpANI(1  ♦UELS 

CRLCCP= ICR  IN  I T-CT ) • SP AN/SPAN I N+CT 

crz  ( CT  ♦ Oi  l. COP ) /.7  . 

TLCL(L)=Cr*-XSr(L) 

SLO=XST(L) /CM 
SLCJRlL  >=5L0 


TAG  ROOM  210 


O 

HRS.  APR  Ilf  1967 


395. 

396. 

397. 
398  • 

399. 

400 . 

401 . 
402  . 
*403. 
4 04 . 
40b. 
4CL. 
407. 
40a. 
4 04. 

410. 

411. 
418. 
413. 
414  . 

. *15. 

416. 

417. 

418. 
' 1 9 . 

. 0. 
'421. 

422. 

423. 
424  . 
425. 
42b  • 

_427  • 

428. 

429. 

430. 

431. 
4 32. 

433. 

434. 
433. 
43b. 
437. 
43b . 
4 39. 

4 4 0. 
4 1 • 

442. 

443. 
«'  ’<  4 . 

8. 

i/44t). 

447. 

448. 


DELTH=DELXST*5IN  (HETAR) 

DELTArOLLTm  SlOPCH 
A1-AIK1T ♦QLLTA 
DELAFW=OLLXS  f * (OELTH-SPC ) 

..  .AFWUrAIF,..,n*CjELAh>| 

UPL=SPV;CPC->SPAN  + [)R13PT 

. . DLA1R(L)=L3LA  __  

GO  TO  23 

C 

C 

c ' 

47  WRITE  OUTPUT  TAPE  2 f 4747 f SLO f OLA f CM f CRLOOP t ( SLO IR ( I ) . 

IDLAIRt  I > f(HP(  1)  i 1-1  ,NL) 

4747  FORMAT  ( llllbbX*  21HTHE  FINAL  ANSWERS  ARE///51Xf 

1 lbHSTOCK  LOCATION  = E15.cV//blX » 16HST0CK  OIA, VETER  =E15.A/// 

2 55X»12HMEAN  CHORD  “ElS . C///55X t 1 2HROOT  CHORD  =E15 . 8/1H0 i 4X r 

313HSTOCK  LOCATlOMSPbXi lbHSTOCK  D I AMETERS25X  f 1 OMUNDALAhCES// 

4(19XftllJ.Hf8‘jXfLi‘j.8f22XrL18.8  ) ) 

WRITE  OUTPUT  TAPE  2 » 7222  » < XST  ( I ) * 1 = 1 • Ml.  ) 

7222  FORMAT  ( 1M033X » 40H0 1ST ANCC  FROM  LEADING  EDGE  TO  STOCK  ON 

117Hi’EAN  CHORD  l FELT  ) / ( 63X  f ElS . 8 ) ) 

WRITE  OUTPUT  TAPE  2 f 630 r ( TECL ( I ) f 1=1 r ML ) 

630  FORMAT ( 1H033X f 40HD 1ST ANCE  FROM  TRAILING  EDGE  TO  STOCK  ON 

U7HMEAN  CHORD  ( FELT  ) / ( fcSX  f E 1 5 . 8 ) _ ) 

70  XNX=1. 

DELXST=XST (L)-XST(l) 

722  IF  ( A(JS  (DELXST)-XNX*PT)71f71f7? 

...72  XNX  = XNX  + 1 • _ ..... ..  .... 

GO  TO  722 

_ 71  ..  IF  (UF.LXST)73f  73f  74  _ ..  

73  FALP0=XST<  1 )-X.\X*PT 

NT  = i 

GO  TO  53 

_74  FALPO  = XST<l>+XNX*PT  ...  . 

NT  = 1 

GO  TO  S3 
470  PT=12.*PT 

XST(L)=12.iXST(L) 

TECL(L)=12.*TlCL(L) 

WRITE  OUTPUT  TAPE  2 t 4 070 f PT f SLO . CM r CRLOOP r 
lDLAfXST(L) »TLCL(L) 

4070  FORMAT ( 1H1S0X * 13HTHE  ANSWCR  T0F7.4.8H  INCHES/// 

l48Xf lohbTOCK  LOCATION  =E 1 S . U//4 SX f 1 9HVE AN  CHORD  (FEET)  =EIS.A// 
24  SX  f 1 91  'HOC  T CHLCn  ( FEET  ) =E1S.8//3°X  » 23HSTOCK  DIAMETt  (!  (INCHFS) 
32H  =Elb.H//4Xf  41HDISTANCE  (ON  PfAN  CHORD)  LEADING  EDGE  TO 
4 1 9HST0C  K CL  (INCHES)  = fc*  1 b . 0//3X » 2bHD I STANCE  (ON  mean  CHORD) 
b36HTRAILlNG  LUcE  TO  STOCK  CL  (INCHES)  =L1S.0  ) 

GO  TO  1 

54  WRITE  OUTPUT  TAPE  2 f 5454 t AT » SPAN# CRLOOP » ( SLO I R ( I ) f D IF ( I ) # 

11  = 1 rf!T) 

5454  FORMAT ( 1 Ml 3RX # 32HERROR  RETURN  NO  CONVERGENCE  ON 
122HL0CAT ION  NT  ( XCEUDCD/ 1 H08?X * 

212HT0TAL  AREA  -t lb . 3 # 2X f 6HSPAN  =E 1 5 . 8 f 2X f 4HCR  =E15.0/ 


TAG  ROOV  2io 


-*■*347  449.  31H02GX. 15HST0CK  LCCATIONS30X » 9HuNBALAnCE/ ( 1HG26X » 

31347  450.  4E15.U»27X»E15.&  ) 

01350  451.  . GO  TO  1 

01351  452.  END 

End  of  listing.  i " *diagnostic*  message ( s ) . 


UNCLASSIFIED  MR/S-2999-3  NAVSEC-61 36-79-272  NL 


3*3 


AO 

A07I784 


APPENDIX  H 


Computer  Program  Documentation  for  Stern  Plane  Design 


DESCRIPTION 


A.  Purpose 

The  purpose  of  the  program  is  to  give  the  I'oval  Architecture: 
Department  a tool  by  which  they  can  obtain  stern  plane  designs  jr. 
the  mir.inuri  time  at  the  minimum  coat. 

B.  General  Method 

In  general,  the  method  of  finding  the  optimum  stock  location 
follows  the  follovjing  procedure: 

(1)  An  initial  geometric  configuration  is  determined  by  the 
Naval  Architecture  Department,  At  the  same  time  they  determine 
the  speed  of  the  ship  and  other  physical  constants. 

(2)  Given  initial  lift  and  hinge  moment  coefficients  (or 
lists  of  hinge  moment  and  lift  coefficients)  the  program  arrives 
at  corrected  coefficients.  The  corrected  coefficients  may  al3o 
be  "read  in"  in  which  cane  the  program  skips  over  the  correction 
phase  ar.d  just  determines  the  torques  and  unbalance. 

(3)  With  the  corrected  coefficients  and.  the  initial  geometry 
the  program  determines  an  initial  imbalance. 

(l0  The  program  increments  the  original  stock  location  and 
determines  a second  geometry  find  unbalance. 

(5)  Us5.ng  the  previous  two  unbalances  and  stock  locations 
the  program  determines  a new  geometry  and  stock  location. 

(6)  The  program  repeats  (5)  until  the  unbalance  is  less  then 
some  "read  in"  epsilon.  If  during  steps  (3)  or  (f0  the  program 
arrives  at  a small  enough  unbalance  it  accepts  that  geometry  as 
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0- 


Writs  out\ 
Answers 

CP,  DIP  / 


ri  te  out 
an  Error  \ 
Rs tum  "No/ 
Convergence 


Obtain  new  Cf 
from  "False 
Position"  using 
last  two  Cf 's 
and  DIP'S 


Geometry 


4 v 

Look  up  CH(I,J,M)  from 
CL(I,J,M)  using  Subrout. 
TABL0K  and  TABLES  Chll 
(JjMJJU)  and  CLN(J,M,NU> 


Write  Out: 

bre(j),del(m), 

)B5(l),CL(I,J,M) 
CH(I,J,M)  / 


T 


Plow  Chart  for  Subroutine  TABL^K 


\etum 


S1=S1+1 


'Write  \Non-Ex.  /SCen^ 

Error  Info.Vg  or 


SI  should  be  initialized  in 
main  program.  TEST  » 0.0  in 
main  program.  NIL  = Number 
of  elements  in  table. 


Descend/ 


.TEST 


Ion* Existent 


Ascend 

+ /6omv-\ 

<ccomv(nilJ 


iDescend 


rABLV(NIL) 


ANS  = 

tablv(lol; 


L0L=1 


/tOMV-\ 

xcomv(lol) 


ILOL-LOL+Il 


/COMVV 
CCOMV 
[ L0L<-l) . 


Write 

Error  Info, 
\TEST  = 1.0/ 


ANS  = 

TABLV(LOL+l) 


22 


G.  Programmed  and  Mathematical  Rotation 


Mathematical 

Notation 

Programmed 

Notation 

e 

Attack  Angle 

ALPE(J,M) 

^ ell 

Dc*/n*/Ji Ahj1*-  fn~  Cii.pVt.l 

EELL(J,M) 

Lift 

Total  Lift 

ZLIFT(M) 

Hydrodynamic  Torque 

QH(M) 

Cnf 

Normal  Force  Coefficient 

CNFC(M) 

Pnf 

Normal  Force 

FNFC(M) 

Qf 

Friction  Torque 

QF(M) 

qa 

Allowance  Torque 

QA(M) 

Qf+QH+QA 

Upsetting  Moment 

CMOMU(M) 

QH*QA”Qf 

Restoring  Moment 

cmomr(m) 

Tne  FORTRAN  expressions  for  the  other  variables  are  found 
where  the  variable  appears  in  this  report. 


H.  Units 


\ 

Physical 

Quantity 

Incut. 

—i  ■ — 

Output 

During 

Execution 

Lengths 

(Geometric) 

As 

listed 

on 

Output 

Feet 

' 

Lengths  (Anas 

)As 

listed 

on 

Output 

Inches 

Areas 

As 

lioted 

on 

Output 

(Feet)2 

I 

Speed 

As 

listed 

on 

Output 

Ft/sec. 

l 

l ; 

Angles 

As 

lioted 

on 

Output 

Degrees 

Density 

As 

lioted 

on 

Output 

Lb.-sec»2/Ft 

Forces 

As 

on 

listed 

Output 

Lbs. 

Lbs. 

Torques 

As 

on 

lioted 

Output 

Lbs. -Inch 

Lb .-inch 

23 


I. 


Definition  of  Data  Variables 


Format 


Card  1 

Title 

72  BCD  Characters 

12A6 

Card  2 

Title 

72  BCD  Characters 

12A6 

Card  3 

AP 

Plane  Area  (Sq,Ft) 

E13.7 

AT 

Total  Area  (Sq.Ft) 

E13.7 

AF 

Initial  Flap  Area  (Sq.Ft) 

213.7 

OMEGA 

Sweep  Angle  of  1/4  Chord  (Deg. ) 

213.7 

CB 

Chord  Forward  of  Stock  (Feet) 

E13.7 

Card  4 

CF 

Chord  Aft  of  Stock  (Feec) 

E13.7 

CT 

Tip  Chord  (Feet) 

E13.7 

CR 

Root  Chord  (Feet) 

E13.7 

S 

Span  (Feet) 

E13.7 

SF 

Span  of  Flap  (Feet) 

E13.7 

Card  5 

ARE 

Aspect  Ratio 

E13.7 

V 

RliO 

Speed  (Knots) 

Density  of  Salt  VJater 
(Lb«-sece2/Ft4) 

E13.7 

E13.7 

ZK 

1“CLxA,cv 

E13.7 

Pnl 

Trailing  Edge  Angle  (Degrees) 

E13.7 

Card  6 

AU 

Friction  Coefficient 

E13o7 

RAD 

AiLOFAC 

Weighted  Radious  (Inches) 
Allowance  Factor  for  Computing 
Allowance  Torque 

E13.7 

E13.7 

CFIHC 

Initial  ACF  (Feet) 

E13.7 

2T 

Spare 

E15.7 

Card  7 

EPS  LOU 

Balance  Epsilon  (Lb0-In6) 

E13.7 

SI 

Spare 

E13.7 

S2 

Spare 

E13.7 

S3 

Spare 

E13.7 

AiJPARE 

Spare 

E13«7 

Card  8 

SPFCKA 

Span  for  Changing  Area  (Feet) 

E13.7 

Card  9 

HYDES 

Number  of  Y/(b/2)  Stations  ' 

15 

HT 

HDEL1 

Maximum  Humber  of  Iterations 
Total  Number  of  Deflection 

15 

1W0DE 

Angles 

15 

= 0 Lift  and  Hinge  Moment 

Coefficients  obtained  from 
Input  Points 

> 

BDET. 

* 1 Coefficients  Read  In 

15o> 

Humbor  of  Deflection  Angles  Uused 
"to  get  first  Approximation  to 
Coefficients  15 

/V'? 

24 
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Format 

Card  10 

YDBS(I) 

Y/(b/2)  I = 1,NYDBS 

5E13.7 

n 

o 

If  NT  = 0 

fill  in  cards  11- l4,  14  becomes 
last  data  card 

i • 

If  NT  / 0 

omit  cards  11-1^,  fill  in  ijT 
through  end  of  data 

¥ 

Card  11 

BRR(J) 

Balance  Ratios  J =1,3 

3E13.7 

1 

Card  12 

DEL(M) 

Deflection  Angles  (deg.) 

M = 1,IJDEL1 

5E13.7 

Card  13 

CLBL(M) 

Final  Lift  Coefficients 

M = 1,NDEL1 

5E13.7 

4 

Card  14 

CRBL(H) 

Final  Hinge  Moment  Coefficients 

M = 1,NDEL1 

5E13.7 

Go  to  Final  Calculations 

NT  ^ 0 

Card  15 

BRR(J) 

Balance  Ratios  J = 1,3 

3E13.7 

Card  l6 

ADEL(J) 

a5  J = 1,3 

3E13.7 

Card  17 

CSLA(J) 

Ha  J = 1.3 

3E13.7 

Card  18 

DEL(M) 

Deflection  Angles 

K = 1 , HDEL1 

5E13.7 

If  NMOBE  = 1,  fill  in  cards  19,  20,  21  - 21  becomes 
last,  data  card 


Vji>  * ^ 


If  NMODE  = 

0,  omit  cards  1<J  through  1/  , fill 
22A,  22B,  22C  and  cards  in  set  23 

in  cards 

Card  19 

CLIN(J,li) 

First  Approximation  to  Lift 
Coefficients  M = £,IIDEL;  J * 1,3 

4E13.7 

Card  20 

CL(I,J,M) 

Lift  Coefficients  M = 1,NDEL1; 

I =>  1,NYDBS;  J = 1,3 

6E13.7 

Card  21 

CH(I,J,M) 

Hinge  Moment  Coefficients 

M o 1,NDEL1 ; I = 1,NYDBS ; J = 1,3 

6E13.7 

Cards 

22A,22B 

22C 

NUMPTS 

(J,M) 

Number  of  Points  on  Input  Curves 

M * 1,NDEL;  J = 1,3 

1015  | 

Card  Set 
23 

ADL(J,M,NU 

cm(j,n,iiu 

CHN(J,M,im 

) Input  Table  of  Alphas 
| Input  Table  of  Lift  Coefficients 
) Input  Table  of  Hinge  Moment  Co- 

F10.6 

F10.6 

F10.6 

efficients  NU  ~ 1;  (NPT3  = 
NUMPTS(J,M) ) ; M = 1,IJDEL;  J = 1,3 


/V  i * 
VW|? 


End  of  Input  Data 
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PROGRAM  S TPLT  ( I NPUT  • T APF5>=  I \P<jT  TJ”jT  * T APT  6= OUTPUT  ) 

UPDATFT)  FORIRAN  bOuRCF  DEC*  FA'  Slr,;\  PL4.V*  T OROUr  CALCULATIONS 
FOR  USE  ON  CDC  60  00  SERIES  C:  •"*>•  iTr  '•  S 

DIMENSION  FS  T Ab  <151 

DIMENSION  DI  F ( 100  ) »CF  IR  ( i.,v  ) . 1 I TLE  < 25  ) . ’’RPS  { 15  ) .;}RR  I Oc  ) ♦ 

1 ADEL  t 06  ) ♦ CSLA(j5)*DELIUi*ClU5.^S,I£>),''h<  16,^,151, 
?CL?AT(OS)  * F A T ( -j  6 ) « E R A r 4 ! !M  , " L • * ( . r , 1 - ) , r r I.  L ( 0 - . ' c 1 . 

3 A L P E l C.  5 » 1 5 ) «C_EF  U?  t 15)  < Cl  ' < **  ( ' A . ^ 5 ) •”'r  ' ( lb  ) . ' I 16)  » 

4 0-01  16  ) . A IOFl  ( 1 6 ) ,Z  1 ( 15)  ,ZU  l 5 ) ."A'  TL  ! ' T 1 « "MO*-*  - ( 1 - ) , 

=■  F AC  T H ( 1 5 ) » A CL  C ; b , 1 6 ) , AC  MC  I - 6 t 1 6 < , A ( ’ > , • ( ’ ■ , Z ( "»  ) , ' ■*■  ( 1 6 ) » 
ss?a;c.-k  100 1 .patch  i ) ,cl=_  i 1 c ) , : : i j i c . • > , 

7SCC(0,'l*rLDEL(~c)»DSLSC(w5)fOrL'‘H(w/t,'. 

Q C H r L < 16  ) i/L!FI  ( 15  ) * . . H ( 16)»D£rLJA"'(16)  « r T L N ( I c )»"L”TA_,(l£t* 

9C N F C I 1 5 ) * F f4 f C ( 1 5 ) * 0 f ( 1 6 ) » C Vvl  / 1 t 1 5 ) ♦ C -O 6 1 ( 1 6 ) » C ' ‘ 0 •*  0 ( 1 ^ ) 

01  Mr  MM  r»>  DSuBl  ! IOC)  tOS.jt32  ( t'  J 1 r 'L'1  ( ^ US'*L  I is  ) . 

1CLCI  16  . 5 » 15  ) ,0-C<  15.  5 . 1 6 ) ,C*C-  -M  ( 1 5 ) 

DIVERSION  X I NFL ( 16)  »X  TrvI  ( 15 ) 

common  noe  l . ndel  1 1 nvdejs .Cl  .c-.cl i n .\sct  , sub  1 . 

' SjB?  * SUB-1  ,:“4  . SuB-  . 0 SuF  1 *rSLr?  lQ  " , N Si.,c  .NS'. 'A  1 , 

ELL  . ADEL  »a<.DEl  . A'_f>F,ClEF  .CLRAT  .CLFRAT  . ":r  AT4  , YDA5. 

■»DRR  , P AT  Cu 

DATA  r I N I SH/6HE \D  CF / 

SMLI 1 ! = 1 . 

Sml I 2 ) =4 . 

SVLt  3 ) =2 . 

SML ( 4 ) =4  . 

S  VL  ( 5 ) = 1 . 6 
SVLt  6) =2  . 

Sml( 7)=.c 

1 RE  O 67  , ( T I TlE  ( I ) » ! = 1 »?4  J 

67  FOR“ A T ( 1 ?A6/  12Aa  ) 

IF  ( T I TLf  ( 1 ) .FG. FIMSH)  SO  TC  8GC0 
PRIM  6C  . ( 7 I TLE  t I 1 , I = 1 .2  - t 

68  FORMAT  ( 1 ^1  / 1U0?4X  , ’ 2 AS  / I W0.74X  , 1 6 AS  ) 

I Nr  I OF  SNIP  CONSTANTS 

REAP  1 L<  » A p » A I » A r » 0‘-1  r G A C"  . C c «C  T . " R « > , 

l^F . A V r *V ,RHC*Z<«DHI  . Ay . R AO  , AlCF AC »CF  INC  * Z T . 

">  F P SL  0*-1  .S’  , S?  , S7  , '•SPARf 
R F AD  80BO.SPFCHA 

8C6O  FORMAT ( r ] 3.7  ) 

S A VF  R r A S in  CF  AT  BEGINNING 
CF  IM  T = Cr 
AF  I N I T = AT 

CM  NI  T = C« 

APARI  = ARF*(A3F*4.21  1 
r T A=  l.-.OUU ‘••PHI*  PH  I 
CM=  ( CT  *CR  ) . 

ZLA*'  = CT  / cr 

0=  ,S«R-<C«  l.SR8»V*V*l  • 6°  8 


OUTPUT  OF  INPUT 


n r>  n r>  n n n n n r»  n n n 


C 


PRINT  66*AP,C«»CF,AF,CT,CR.AT.CM 

66  FORMAT!  1H0///60X.I0HINPUT  DATA//23X. 

120HARFAS  IN  SQUARE  FEET  46  X « 14hChoP0p  IN  FEFT/35X. 
?12HPLANE  AREA  =F  1 1 . ? . 34  X . 1 <*hF  WO  OF  STOCK  =E11.S/9?X, 
314HAFT  OF  STOCK  =F 1 1 • 5 / 28x  , 1 9h I N I T I A l FLAP  AREA  =F11.5. 
443X.5HTIP  =F  1 1 . 5/ 100X  .(SHROOT  =F11.5/?7X, 

5 2 OH  I N I T I AL  TOTAL  AREA  =F  1 1 . 5 ,4?X .6HVFAM  =F!1.S  ) 


POINT  661 .SF .OMEGA.V.S.RhO.PHI  , 

1SPFCHA.RAD.CFINC.FPSLON 
661  FOPMAT ( ///23X, 1 3MSPANS  IN  FE  E T 4 X * 

127HMI.SC.  INPUT  WITH  D I MENS  I ONS  / 3 3X  . 

2 1 AHSPAN  of  flap  =F1 1 ,S, 1 5x  .1°HSWFFP  ANGLE  OF  1/4 
3 1 4HCHRD  DEGREES  = F 1 1 . 5 /9ox  . 16HSr>FrD  IN  KNOTS  =Fll.S/23x. 
424HSTA9LZER  + STERN  PLANE  =F 1 1 . 5 , 22X , 8HDENS I T V 
5 1 8 HL B SEC  SG/FT  4Th  = F 1 1 . 5 / 77x .2Uh T R A I L I NG  EDGE  ANCLE 
69HDEGREES  =F 1 1 . S/22X , 25hF0R  CHANGING  PLANE  AREA  =F11.5,24X. 
724H WEIGHTED  RADIUS  INCHED  =F 1 1 . S/ 8 FX , 1 5 H I N ITI AL  DEL  CF 
A6HFFFT  =F1  1 .c/83X.7?HBALANCc  fpfilON  LP-IN  =F11.c  ) 


input  of  control  CHARACTERS 

READ  2 * NYDBS  * N T . NDE L 1 . NMODF , nDF L 

10  FORMAT ( 5 E 1 3 • 7 ) 

2 FORMAT (315  ) 

NTTEST=  1 

PRINT  662 .ARE  » Z K «AU*ALCFAC * Z L A M . 

1 NT 

662  FORMAT ( 1H022X.24HDIMENS lONLESS  INPUT  DATA/33X, 

114HASPFCT  RATIO  =F11  ,S/34x,13hCONSTANT  7 K =Fll.*/30v. 
717HFRICTI0N  FACTOR  =F  11  . S/29X  , 1 omALLOWANCF  FACTOR  = " 1 1 . •=>  / 
-»34X,l7HTAPf  R RATIO  =F11.5/?4X, 

423HMAX  NO.  CF  ITFRATIONS  =15  ) 

CORRECT  OPMODF  TO  GET  RR  ON  CL  PATIO  TARLF 
and  To  SPECIFY  RFAD  IN  CL  OR  LOOKFD  UP  CL 


READ  10 . ( YDBS! I ) , I = 1 .NYDBS ) 

DO  19  1=1  .NYDBS 

DELC 1 I ) = (CR-CT ) * YDPS ( I > 

19  C ( I ) =C  R-DELC ( I ) 

I F ( N T 1664.664.663 
664  NTTFST=0 

READ  3.  (BRR< J ) . J= 1 ,3  I 

READ  10.(DFL(M)»m=i,nD~1 1 ) 

C'CRAT ( 4 ) =CF/C<  4 ) 

RF  AO  10. !CLBL ( M) «M= 1 .NOEL  1) 

READ  1 0 . ( CHUL ( M ) ,M= 1 ,NDEL 1 ) 

GO  TO  666 


tr>i 


nnnnnnn  n n r>  n 


input  of  dimensioned  OUANTITIFS 

663  READ  3 . (9RP I J > » J= I , 3 ) . ( ADFL ( J ) . J= 1 .3 ) . 

1 (CSLAI J)  * J= 1 * 3 ) 

3 FOPM AT I 3 F 1 3 . 7 ) 

DO  209  J = 1 » 3 

ZIMPI J)=ARE*.1/CSLA( J) 

IF  (ZIMP  ( J)-. 699999)2099, 2095,209s 

2099  0RNGE=ZIMP  (j) 

CVAR=?.0 
GO  TO  6666 

2 09  A IF  (ZIMP  ( J1-6.00C01  ) ?09,20P,’r'PO 
209  CONTINUE 

READ  10  ,(  DEL  ( m )»•/  = ’ ,NDrL  1 1 

6666  A ERROR  RETURN  WRITE  AT  END  OF  PROGRAM 

COEFFICIFNTS  WILL  BE  BUILT  INTO  The  PROGRAM 

COMPUTATION  OF  TABLE  C\  PAGE  5 

CT0T=C9+CF 

C THERE  'a’ILL  5r  I EQUATIONS  FOR  FOATA(I) 

IF (ZLAM-.2A999999 199, 2 OC *2 00 

2 OC  IFIZLAm-i ,000990 ) 7 o 1 ,201.9° 

99  ORNGE  =2  LAV 
GO  TO  6666 

201  ERATa(1)  = I.aaO-.ROO  + Zlam+^ag  + Zla^^Zla'1 

FRATA(2)=1.2129999-.56399ope*ZLAVA.i569099C*ZLAv*ZLAM 

ER A T A ( 3 ) = -.1 10*ZLAV+. J 1 3? 3 3 A 1 * ZL A m* z L AM* . 95 6 6666 7 

ERATA(A)=.7633333A+. 329999  oi#ZLAm-.Q3-j  3 326S*-C:*ZLAm*7lAM 

ERATA(  6 ) = . A 3567662  *2  LA'-'*  ( 1 , 98  5 756*ZL  A v*  ( -2  3 = 2 ^6  8 + 

1 ZL  AM* ( 1. 2056 1 C 2-ZL A m*c.  32 197085  ) ) ) 

ERATA(6)=»A5a163AAE-C1+ZLAv*(6.iaA3329*ZLAm*( 

1 - 9, 17027] A + ZLAM* (6,65026-ZlAV*  2, 1A0 1 AA7  ) t ) 

ERAT  A ( 7 ) =2.  AC 
PRINT  7011 

7011  FORMAT ( ]M15PX , 1 3HE  R A T 1 o T A BL  F / / 1 H AAX, 

i AA  Hr  RATIC  A AS  A FUNCTION  OF  Y/fB/7)  A\o  1 

PRINT  70.ZLAV,  (YD°S( I ) »rRATA(  I ) , I =1 , NY DPS  ) 

70  FORMAT ( 1HJ39X , 7hy /( B/2 > lfcX  ,7HF  oATIOllX, 

18HLAMP0A  =E16,8/( 1h^36X,E15,8,F?3.6)  ) 

IF  (NmQDE)  1919,9999,1919 
9999  NSE T =2 
NSUB=0 

PRINT  900 

900  FORMAT ( 1HC///1H029X ,2fcHTHE  LIFT  AND  HINGE  momfnT 
1 A5HC0EFF IC I ENTS  ARE  OBTAINED  FRov  INPUT  POINTS. 

CALL  OPvrDE 

IF  (NS(!B  JP787, 1 106 .8787 

1919  NSET=1 

N SUB  = 0 

PRINT  901 

hi? 


o n r>  n non 


901  FORMAT ( 1H0///1H040X *26HTHE  LIFT  AND  HINGE  MOMENT 
123HCOFFFICIENTS  ARE  INPUT.  ) 

CALL  OPMODE 

IF  (NSlJfi  18787, 1 106,8787 

8787  PRINT  878P 

8788  FORMAT  ( 1H141X*35HSEE  PREVIOUS  PRINTOUT  TO  DETERMINE 

1 15HERR0R  IN  OPMODE  ) 

GO  TO  1 

20  starts  the  computation  and  correction  loop 

1106  L = 1 

CF I R ( 1 )=CFINIT 
FKl  = .?*S/< 3.*AT  ) 

20  DO  21  I =1  , N YDB S 
CFCRATI  I )=CE/C(  I 1 

IF (CFCRAT ( I 1 A999999 ) 205 ,206 ,206 

205  ORNGE=CFCRAT ( I) 

CV  AR  = 1 . 0 

GO  TO  6666 

206  IFtCFCRATII  1 - . 600 1 207 , 207 , 2 08 

208  ORNGE  = CFCRAT ( I ) 

CV  AR  = 2.0 
GO  TO  6666 

207  GO  TO  21 

21  CONTINUE 
BR=CB/CF 

DO  22  1=1 ,NYDBS 

CHD  ( I)=CFCRAT(I)*(-.l  798  7A26E-01  +CFCRAT  ( I )*(  .06127221-*- 
1CFCRAT  ( I )*(-.05023323+CECRAT  ( I)*.01934741))l- 
2.76431806E-02 

A I DEL (I)  =CECR AT  < I HM  -2. ^l4A  147+CFCR AT  < I) *(  3.624  880  6 + 

1CFCRAT I I ) *( -4.6860865  + CECRAT ( I )*2 .7272692  ) ) 1- 
2. 10356066 

Z’.l  I ) = - A I D E L ( I 1/.575 

22  ??( I )=-ChDI  I )/. 00872 
EK2=.2*SE/3.«CC/AE 
DO  23  1 = 1 , N Y 0 B S 

F ACTL ( I ) =SML ( I 1 *C(  I ) *2  1 ( I ) *FK1 

23  FACTHI  I 1 = SML ( I I * Z 2 ( I 1 * F K 2 

BEFORE  CORRECTING  THE  COEFFICIENTS  THr  TABLES  ON 
PAGES  12  AND  13  MUST  BE  WRITTEN  OUT 

PRINT  8484*L»CF.CR»AF,8R 

8484  FORMAT ( 1 H 1 50X  , 2 5hTh I S IS  ITERATION  NUMBER  I3////4X, 

1 2 OHC  MOR  D AFT  of  STOCK  =pl5,8,9X,2  OH CHORD  E .O  OF  STOCK  =E15.P,14X, 
211HFLAP  AREA  = E 1 6 . 8 / /4 5 X * 24HR A t ANCE  RATIO  COMPUTFD  =E  1 6 • 8 
PRINT  1 19U, l Y DBS ( l)»DElC(  I)«C(  I),CCCRAT(I), 

1 A I DEL ( l ) ,2 1 ( I 1 ,CHD(  M ,Z2 1 I 1 ♦ I = 1 ,NyDBS ) 

1190  FORMAT  ( lH-;44x,36H CORRECT  ION  TO  C F/r  AND  COEFFICIENTS 
I 8 MOB  T A I NFCV  / 6X,7hY  / ( B/2  1 9 X , 7HDEL  T A C 1 3X  , 1HC  14X  , 

24HCF/C7X  , ! 4h  AIDEL  8X , 2HK 1 10X . 1 2H  CHD  8X, 

x2hK2/(?X,8p16.8)  ) 

CFCF  = GE  «r E 


H-H 


uuu 


PRINT  1191.1 VD«5 < I ) »SMl<  n ,r<  n ,z  i m , 

1 FACTL  ( I ) »CF  .CFCF  .Z2(  !»  »FACTH(  n , I = 1 .NYP.PS1 
1191  FORMAT! 1ho36X,33HJNTEGRAT ION  PASTORS  LTFT  4\" 

1 2 6HH  InGE  moment  COEFFICIENT3//8x,7MY/(n/?)SX, 

?2MSMl4X, 1HC12X»2U< 19X»8hF/CT0p  LQ  X , ? HCF  c X , 

3 1 OhCF  SOU  AR  ED8X,2h<29X,3hFACT~'R  h/ \ 3x  , 9F  1 U . 7 ) ) 

CORRECTION  FOR  HINGE  MOMENT  AND  LIFT  C o r ff  I r ; T 3 

DO  800  J = 1 , 3 

DO  79R  1=1, NY 08 S 

DC  799  M = 1 » NOEL  1 

CLCI  1,J.M)=FACTL(I)*CL(  I » J , M ) 

799  CHCI I,J«m)=FACTh( I !*Ch( I , J , M ) 

PRINT  777 

777  FORMAT ( 1h139X»33hTABLES  OF  A VF RAGE  LIFT  AND  HlNGF 
1 1 9hmQvF NT  CCFFF IC I FNTS/ lH  AAX,17HAS  A FUNCTION 
? 2 8 HT  nF  ORIGINAL  COEFFICIENTS  ) 

PRINT  777  7.5RR ( J ) , (DFL  f M) ,v  = i .NDELl  ) 

7777  FORMAT  ( lHu  IX, 5H6R  =E  1 5 . 8 / 5 <*x  , 2 6HA  VE  R AGE  LIFT  COE c r ; C I f\ T S 
1 6X  ,7HY/ ( 8/2  )9X  .3HFACT0.R  LAX,8hDfl(I)  = ( c 8 . 3 , 5 r 1 3 . 5 / 
?A?X,F«.5,5F1A.s)  ) 

DO  3588  I =1  ,NYDBS 

5 5 5 R PRINT  7070»YDBS(  I ) ,FACTL(  I )» (CLCt  I »J,m)  , 

i v = 1 , NDF  L 1 ) 

7070  FORMAT!  lH  IX , 8E 1 6 . 8 / < 34X * 6E  16 , 8 ) ) 

C 

C 

DO  7u00  m=i, NDELl 

DUMDUM  = CL  C ! 1 * J * M ) 

DO  69Q9  I = 2 , N Y D B 3 
6999  DuMD^M  = oL'vr  JM+CLC!  I , J , M ) 

7 000  A C L C ( J , m ) = D IJ m DU m 

PRINT  7U02, ( ACLC( J,M) ,M=1  ,N0FL1 ) 

700?  FORMAT!  lH  6X  ,?7HAVFRAC-E  LIFT  COFFF'CIENTS  =!6C16.8/ 

1 38X,6F16.8  ) ) 

PRINT  5887 

8857  FORM  AT ( 1 nu50X , 33HAVER AGF  HINGE  MOMENT  C^EEF I C I FN T S / 

’F^x,2ihF0R  SAME  DFL  AS  AB0VE//6X  , 7-«y/ ( p /2 ' 5X  , 8hF  AC  TOR  h 1 
DO  S8K*,  T = 1 , NYDR $ 

655*  PRIM  7070»YDB5(  I ) ,FACTH(  J)  , 

I ( ChC ( I . J ,m ) ,v= 1 .NDELl ) 

DO  6998  m=1, NDELl 
D'JMDUMs  ChC  ! 1 , J,M) 

"'0  6 9R  7 I = 2,  N YOBS 

6 9 9’’  DUMOJM  = D'!MDUM+CHC(  I ,J,M) 

6990  A'HC  ! J ,M  > =DUMCL)M 

PRINT  5 65  J , (ACHC!  J,M1  ,m=1  ,NDFLU 

5560  FOPMATfl^  6X.2THAVFRAGE  HINGE  MOVENT  CQrr  =(f,Fi6.8/ 

I 38X.-.F  i6%e  \ 1 

30C  CONTINUE 

do  1001  Ms  1, NDELl 
DO  1000  J = 1 * 3 
X ! J 1 =RRR ( J ) 

1000  Yl J» = AfLC ! J.M) 

f1)7 


r\  n n 


CALL  PARA  ( X «Y t A ,B*D»S1 »SPATCH ) 

1001  CLBL <M ) =BR*I B+BR«A )+D 

stream  line  curvature  correction 

XI 1 ) =.2 
XI 2 ) =.A 
XI  3 ) = . 6 
DO  1007  J = 1 » 3 

SCCVI J . 1 > =.326948+Z IMP l J) * ( . 9«2 A 3G7  3E -o 1 +2 1 MP ( J I # t 
1-.5A308  508E-02  + ZIMPI  n *<  - ,8128  5~6  2p-CW  !MP( 
7.9071MA7F-0A)  ) ) 

C 

S C C V I J » 2 )=.268368AA+ZIMP(J)*(  .Qc  t ] 6 2 6 6 r - 1 +Z  I MP ( j ) » ( 

1 . 3190781  2E-02  + Z 1 VP(  J 5 * ( - . 1 37oocqc_0,4.7  ] Vp  ( j ) « 

7. 2'M8?377b-07  ) 1 ) 

C 

SCCVI J»3  )=. 1 99 13176  + ZIMPI J)*(  . 98 A 1 35 75F -0 1 + Z I MP ( J > * ( 

1 - . 3A1 1AA5  0E-0  3+ZIMPI J) * I -.22A183A8E-02  + Z I^PI J) * 
-!0AA97A9E-03  ) ) ) 

C 

Y I ? ) =SCCV I J* 1 > 

Y I 2 ) =SCCV I J.2 ) 
v< 3)=SCCV( J*3) 

CALL  PARA  (X»Y»A*B*D»S1»  SPAT  CH ) 

1007  SCCI Jl=CECRATIA)*IB+CFCRAT (4)*A1+D 

FRAT I 1)  =CFCRAT I A ) *!  3.691 1 194+CFCRAT ( U \ *(-S .3006265 
1 +CFCRAT I 4 )*( 4. 755  99  5 3-CFCRAT I U )*2 .02 795 A « ) ) ) + 

7 . 300  92 A 5 

FRAT  (2 ) =CFCRAT  ( A) *(  2 •9318192  + CFCRAT ( 4 i * ( -4 .362691 2 
1+CFCRAT<4)»  ( 4.26641  6-CFCR  AT  ( A 1 * I .9  11  A 2 4 8 ) ) ) + 

7.2 3864536 

FRAT(3)=CFCRAT(A)*(2.A898:77+CFC9ATIA)«I-A.3123S5A 
l+CFCRAT(4>*<6.4R32962-CFCRAT(4)*3.2634C4l>))+ 
7.91151472E-01 
PRINT  670 

670  FORMAT ( 1 M 1 2 9 x » 3 4hC AL CUL A T IONS  OP  VARIOUS  CONSTANTS 
i 39hano  tables  of  hinge  moment  coefficients 
DO  1009  J = 1 * 3 
PRINT  8182 

8132  FORMAT  I 1HC5SX»20HCALCULAT I ON  OF  OrLSC/lHu8X, 

1 7URRR1QX  ,7HSCC19X,3HFTA?lX  ,10H  PRAT  I’X, 

■JSHAPART  1 7X  .cmDELSC  ) 

CLDFLI J)  = Af  ELI J)*CSLA( J)*Z1  (A) 

DELSCI J) =SCC I J) *FRAT I J)*ET  A/ APART *CL DEL  I J) 

PRINT  8282 *BRR l J ) .SCCI J ) .FT  A , 

1 FRAT  I J ) , APART. DEL SC <J) 

8282  FORMATI  6E22.8  ) 

DO  1008  m=]  .NDFLl 

DELCHI J.m) -DEL  SCI Jl«DFL I M) 

1007  CACHCI J»M)=ACHC( J.M) -DELCHI J.m) 

PRINT  1110 

1110  FORMAT  I 1 HCA6X ♦ 3AHTABLE  OF  HlNG"  MOMENT  COFFF  ICIFNTS/46X. 

1 36 HW I T H STREAMLINE  CURVATURE  CORRECTION  ) 

1009  PR  I N 1 1 Jli,  *MRR<  J ) , IDEl  IM)  . ACHC  I J»M  ) » 


H ** 


n n n nnnr>  nnn 


1 DELCHI J .M ) . CACHCI J.M ) .M=l * NDF  L 1 ) 

1010  FORMAT  ( 1H01X  , 15HBALAMCF  RATIO  = r 1 6 . R / / <?  x , 

126HDEL  PLANE  DEFLFCTION  ANGL E5 X . 2 1 HUNCORR EC T FO  AVERAGE  CHF17X 
2.7HDEL  CHF23X, 13HC0RRECTED  CHF / ( E 29 . 8 . T 3 1 . 8 , 2F 3 2 . 8 ) ) 


PRINT  903.L.CF.CR, AE.RP 

903  FORMAT  ( 1h  1A9X  , 26HTM  I S WAS  ITERATION  N'.J‘*‘«rR  I’//AX» 

120HCHORD  AFT  OF  STOC<  = E 1 5 . 3 , 9X , 2 OHCHORD  Ew D OF  STOCK  =E15.P. 
71AX.11HFLAP  AREA  = E 1 S . fl  / / A * X » 2 A uT  A L A NC  F PATIO  COMPUTED  = c 1 F . 3 
3 ) 


TOTAL  LIFT  FORCE  AND  HYDRODYNAMIC  TOROUF 
PRINT  6637 

6637  FORMAT ( 1H038X ♦ 30HTABLF  OF  TOTAL  LIFT  FORCE  AND 

119  HH YD  RCP Y N AM  I C T ORQUF //2x.2lHDr|_  PLANE  Dr  FL  E D T ION 
2 5H ANGLE  1 1 X . AHCLPL 1 7X ♦ 1CH TOTAL  LIFT 17X < A HCHBL 1 9X  . 

“ 1 9 H OH  ) 

GO  TO  669 

666  PRINT  3737 

3737  FORMAT ( 1 H 1 38 X . 3 OhT ABL E OF  TOTAL  LIFT  FORCF  AND 

1 1 9HH YDRODYNAM I C 1 ORQUF/ , 2 lHDFL  PLANF  DEFLECTION 
?5HANGLE1 IX . AHCLBL 17X , 1CHTOT AL  L I FT  1 7X , A HCHBL  19X  , 

3 1 9H  QH  ! 

669  DO  38  M = 1 » NDE L 1 

IFtNTTFST  1668. 663*667 

667  DO  37  J = 1 .3 
X<  J) =PRR( J) 

37  Y ( J ) = C ACHC ( J * M ) 

CALL  papa  ( X ,Y . A , D. SI . A TCH ) 

CHPLIM)  =PR*(BR*A+B)+D 

668  ZL I FT ( M ) =CLPL ( M) *0*AT 

OH ( M ) =C  HBL ( M ) *0*AF*CF* 1 2 . 

38  PRINT  3838 *DEL( M ) ,CLPL (M ) .ZL  IFT (M > , 

1 CHBL ( m ) .QH ( M ) 

3838  FORMAT ( E20.8.E3?.3.E2a.8.E23.8.p27.8) 

COMPUTE  NORMAL  FORCE  AND  FRICTION  FORCF 

ETA0  = CFCRAT(A)*<1. 1771127  ♦CFCRAT(A)*(-2.6ARSA334. 

1CFCRAT ( A )•( A.630A686-CFCRAT ( A)*?. 820 6127  ) I ) + 
7.39R7R7A7F-01 

FTA2=?.C376/.8«CFCRAT(A)-?.SA7 
PRINT  8383.ETA0.ETA2 

838  3 FORvAT ( 1H0///S^X .6HFTA0  =F  1 6 . 8 / /*0X . 6HF T A ? =F1S.Q///  ) 

PRINT  2222 

222  2 FORMAT  ( lHUAOX  . 36hT  ABLE  CF  NORMA).  F OR  C F ON  PLANE  AND 

1 1 6HF  R I C T I ON  TOROUr//3X. l^H  ANGLE  2X. 

2 1 OH  I N RADI  ANS7X  .4MCLBLl>X.6hCLF.TAOHX,6HF  T DUNG  1 OX  , 3HCUF 

■*  1 IX  . WNF6X  . 12HSTABL  ZR  iIFT7X.2miDF  ) 

C 

00  A 6 M= 1 »NDFL 1 


n n n n non 


OFI.RAnl  M ) = 3.  14  189  265/1 80. *DEL  (Ml 
ETDLNC,(  M ) = -ETA2*DELRAD<  Ml 
CLETAO<M)=ETAO*CLFiL(M) 

CNFC(Mt=CLETAO(M>+ETDLNG(M) 

F'lFC  ( V ) = CNFC  ( M>  *Q«AP 

FSTAB(M)=ZLIFT(M)-FNFC<M)«C0S  < DELRADI v ) ) 

QF<M)=FNFC(M)*AU*RAD 

45  PRINT  4545 »DEL ( M 1 ,Df  LRAD < m i .TEEL < M ) , 

lCLETAO(M)»ETDLNG(MJ»CNFC<M).FNFr(Wl,FSTAP(l*)»QF(V) 

4545  FORMAT ( 3X  ,9E  14. 7 ) 

ALLOWANCF  torque  and  total  torquf 

PRINT  2323 

2327  FORMAT ( 1h043X,30hTABLF  OF  ALLOWANCE  TORQUE  AND 

112HTOTAL  TORQUE// 3X  . 5HANGL  E9X  ,3uf.NF  1 1 X ♦ 7hQH  * QA6  X , 7HQH  - QA7X, 
2THQH  + QF 8X  » 7HQH  - QF 1 0 X . 2 HQ A 9X , 1 2 hQh  + QA  + QF  3 X , 

312HQH  - QF  - QA  ) 

DO  4 fi  M=1  » NDF L 1 
QA(M)=FNFC(M)#ALOFAC*12.*CF 
CMOMV1 (Ml =QH(M)+OA(M) 

CMOMR 1 ( M ) =OH ( Ml -QA ( M 1 
C MOM  V ( M ) =C MOMV  1 ( M ) + QF  ( V ) 

C MOMR ( M ) =CMOMRl ( M ) -QF ( M ) 

XTRPL ! M ) =QH ( M ) + QF t M 1 
XTRVI ( M 1 =QH ( Ml -QF ( M 1 

49  PRINT  4848 »DEL ( M 1 , FNFC ( M ) .CMQMVl  ( M ) .CMOMR 1 ( v ) , 

1 XTRPL  (M>,XTRMI  (M)  *QA  ( m I , CMOMV { m ) , 

2CMQMR ( M 1 

484°  FORMAT ( FI  1 . 5«8E  15.5  1 

BCMOMV=CVOMV t 1 ) 

DO  4 9 M = 2 « NDE L 1 

I F < C MOMV ( M 1 -BCMOMV 1 49 *49 *49C 

490  BC MOMV =C MOMV ( M ) 

49  CONTINUE 

BCMQMR-ARS  ( C MOMR (111 
DO  5 0 m = 2 *NDEL 1 

I F ( A6S  (C MOMR (Ml) -BCMOMR  150*50*491 

491  BC  'OMR  = AR S <CMOMR<M)l 

50  CONTINUE 

DI F ( L ) = BC  MOM V-RC MOMR 
I F ( N T - 1 19585.9585,5440 
5440  I "”  ( A li S ( D IF  ( L -FPSLON  > 5454 ,5454 ,5050 
5050  IF (L-1  1 501  1 *5011  .501? 

5011  .'FIQjrtL  1 1501  3,4014,4014 
5017  CF1NC=-CF1\C 
4014  CF  = C“INlT-»CF!NC 
GO  TO  5020 

*•017  IF  (NT-L  15014,5014,5019 
FALSE  POSITION 

5010  CF  = (DiriL-l)*CFIR(Ll-DIF(L>  *CF IR( L-1  1 1 / ( D I F It  - 1 1 -D I r ( l 1 1 
5020  AF INCR=  (CF-CF IN  I T 1 »SPFCHA 

ri-to 


on  nnnnnn 


AF  = AFIN  IT+AFINCR 
L = L+1 

CF!9(L)=CF 
CR=CTnT-CF 
C, 0 TO  2 0 

501<t  FRRCR  RFT«JR\  a.RITF  CM  RAlSF  POSITION 
VARIAPLES 

5A5A  PRIM  5 66  6 » CF 

6 666  FORvAT  ( 1HI66X  , IRmThE  F I \|A|_  AN.S/.R9  IS//S7X,AHCF  = M5.fi  ) 

SO  TO  1 


6666  PRIM  6667.CRNSE«CVAP 

6667  FCRVAT(  1H1A0X, ’“^INDEPENDENT  VARIABLE  OUT  QE 

1 I'.HACCEPT  ABLr  RANGE/ /2PX.22HINDFPENDENT  VAR  I AQLE  = Elt',t>. 
26X.6HCVAR  = £ 1 5 • E ) 

5 01  A PRTvT  5A1  At3C^OVR,BC‘^OwV 

5A1A  FOPVAT  ( 1H15PX  , 1?uF3ROR  PE  T URN  / 6 OX  ♦ 1 1 HN  T F X C E DDE  ^ / A *■  X , 

1 1 6HREST  OR  I NS  "0VE\*  =E15.E/A5X, 

2 1 S HJP  SE  T T I NG  N‘CVE\T  =E15.6  ) 

PRINT  51lA.(DlF(L).CFIR(L).L=ltNT) 

511A  FORMAT! 1wOA7X,?C*AvOJNTS  TORQUES  A RF  U NQ A L ANC F 030X , 

115HCF  FOR  NT  TR I ES / < A 7X , E 2 3 . 5 . 3 7X . F 1 5 . 8 ) ) 

GO  TO  1 

8585  PRINT  866fc»CF  »OIF l 1 ) 

8686  FORMAT ( 1H166X , 19hT-E  FINAL  AnS*FR  I S//67X  , AHCF  =E16.P// 

1 1P.063X  , 22hA‘-*OUNT  OF  UNBALANCE  IS//63X»8  HO  I F ( ] » =E15.8  ) 

GO  TO  1 
8000  STOP 
END 

UPDATED  FORTRAN  SOURCE  DDC<  FOR  ‘■'ODES  1 AND  2 
SUBROUTINE  CPWCDE 

CO  WON  NDEL  *\DEL  1 »N YOBS. CL  .Ch.Cl ! N »\SET  *SUP  1 . 

1 SUB 2 . SuB  ? ,SuBA,S'jB5  ,0S'Ju  1 , D Si.  « 2 , dcur  ->  ,n  jp  , «v>q  l , 

• ?EELL»ADEL»ZK»DEL.ALPE.CLfE.CLc,AT»CLERAT,FRAT4.,YDPS» 
iBRR  * p A T C*-1 
C SAME  COMMON  EOR  VAIN  PR  OCR  A*-* 

01 VENSI ON  FL(  15*6«15)»Chi  ]c»t»lc)*CLtN(S,15)  ,0SU  = ! ( 1 00  1 . 

1 DSUBZ  ( ad  1 .1  SoP3  ( 25  ) .E EL  L t c . 1 5 ' . ADE  L ( r ) . DRl  ( 1 *>  ) . AlFc  ( 6 , 1 6 ) , 
?CL  EF  l ^ « I “•  > ♦ CLR  A T ( *•  ) .CLFRAl  I 1 c ,M  * F R A T A ( 1 M ,YDnS  < I 6 1 , PRR  < * ) . 
■>  PATCH!  2 00  ) 

DIMENSION  NL  vp  T S ( 5 ♦ 1 5 ) . r Dl < 5 , 1 5 .20 » «CLN ( 6 , 1 5 « 20  ) , 

]CMN(5, 15,20)  *CCCVV ( 20o ) ,TABLV(20P) 

TEST  =0.0 
DC  800 Jr  1,3 
D2  80PV=1 .NOEL 

FELL  < J»m)*-ADELT  J)  • 2 < *DEl.  • v 1 
800  ALPF I J»m ) =-EpLL ( J.M ) 

IF (NSr t -)  ) I 1 , 11  , I r 

11  RF  AD  51  . I ( CL  1 Nl J.M)  ,v=i  .NDTL ) , J= 1 , M 

6 1 F ORMAT  ur]  1,7  ) 

20?  DO  ?P A J= 1 . 7 


H V/ 


DO  204  1 I = 1 » NYDBS 

2041  RFAD  ?042»(CL(  I » J »M ) *M=1  , NDFL 1 ) 

DO  2043  1 =1  .NYDPS 

2043  READ  2042, <CH( I »J  ,M| ,M=1 .NDELl 1 

204?  FORMAT ( 6'E 1 3 • 7 ) 

204  CONTINUE 

00  TC  999fl 
10  CONTINUE 

DO  900  J = 1 » 3 

900  R F AD  901 , < NUMPTS ( J,m> ,m=i ,ndel 1 > 

901  FORMAT (1013  ) 

DO  903  J = 1 » 3 

DO  903  M=1 *NDEL 1 
NP  T S =NUMP  T ( J,M  ) 

DO  003  NU=1»NPTS 

903  READ  902,ADLl  J.M, Nij>  »CLNI  J.M.NU)  » 

1 C HN ( J » M * NU ) 

90?  FORMAT ( 3F 10.6  ) 

DO  °1P  J= 1 * 3 
JJ  = J 

PRINT  50  0 ♦ J J 

500  FORMAT ( 1H1 59X .22HJNPUT  POINTS  FOR  PAOF  13  1 

DO  9 1 P M= 1 * NOEL  1 

MM  = M 

PR  J N T 501  .MM 

501  FORMAT! 1H0  9X.14HCURVE  NUMRFR  =13  ) 

NPTS=NUM°TS( J.M) 

91R  PRINT  919,  (ADL! J.M.NU) ,CLN( J.M.NUI , 

1 C’IN!  J.M.NU  ) ,NU=1  .NPTS1 
919  FORMAT! 1H015X.12HALPHA  POINTS  ?°X. 

? 1 8HL I F T COFFF.  POINTS2  7X » 1 9HH I NOF  MOMENT  PO I NT S/ ( F27 . 6 , F42 . 6 , 

7 F 4 5 • 6 ) ) 

C 

C CALCULATION  OF  CLIN! J.M) 

c 

DO  90S  J = 1 . 3 
DO  905  V.  = 1 , NDE L 
NPTS  = NUMPT S<  J.M ) 

DO  904  NU  = 1 » NP TS 
CCOMV(NU  ) = ADL (J.M.NU) 

904  T ABL V < NU ) =CLN( J »M ,NU ) 

T I L T = 1 . 0 
COMV=ALPF (J.M) 

TE  ST  = 0.0 

CALL  TAPlOK(COMV.CCOMV. ANS.TARLV.NPTS.TFST, 

1 SI  ,S?) 

J F ( T r ST  >905,905,906 

905  CL  l'J(  J.M)=ANS 

999R  PRINT  7031 

703  1 FORMAT  ! lHlSflX,  1*.HCL  RATIO  TABLF//34X, 

1 4 OHC L RATIO  as  A function  OF  CP/CF  AND  DEL 
7?3MPL  ane  deflection  angles  ) 

7777  DO  703  J*l»3 

DO  701  Msl.NDEL 

E01  CLEF! J.M) -CL  IN! J,M)/EFLL« JtMI 

H ‘ fX 


I 


n n r>  o n on 


CL  RAT  ( J)  = (CLFE<  J.2  ) + 2.  *CLFF<  J.3  M-3.*CLFF  ( J.A  ) ) /6. 

POINT  600*URR(J) 

600  FORMAH 1H01X, 15HBALANCE  RATIO  = ^6.3  ) 

PRINT  703*<0rL(  M) ,ALPF< J.V1 .CLINT J.M) . 

lCLEE < J.M) » M= 1 ,NDEL  ) 

TO?  POINT  70A,CLRAT(J) 

703  FORMAT T lHUlX . 1 7HDEFLECT ION  ANOL  FS9X  . A‘«  A L PF66X  , 2HC  L 1 7X  , 

I 7hCL /FFLL / ( FI  a. A ,F?0.« .F6F  .fl  ,T?I  ) 1 

7 0 A FORMAT  ( 1HC52X  , 10-iCL  RATIO  =F16.o  ) 

PRINT  7060 

7060  FORMAT ( 1 H060X , 1 OHCL /F  T AHL  r I 

PRINT  7051.TCLRATT J) , J=1 ,A) 

7C61  FORMAT < 1H0A7X , 1 1HCL  RATI01  =E  1 5. 8 . 1 X , 1 1 HCL  RATIO?  = r 1 6 . 5 . 1 X , 

I 1 1 HCL  RAT  103  = E 16.3  ) 

C 

D0706 I = 1 .NYD3S 
D07CB J= 1 .3 

7 06  CLERATI  I#J)=CLRAT(J)/FRATa(I  ) 

PRINT  706? ♦ l Y DBS l I ) « E R A T A ( I ) tCLFRAT ( 3 *11  * 

ICLFRAT ( I .2  ) .CLERAT ( I, 3). 1=1. NY DR. 6) 

7 0*  ’ FORMAT  ( 1 MO  8 x , ->HY  / ( B / ? I ?3X.aHFRATAlAX, 

llAHCL  F RAT  ITT  II)  lAX  , 1A-iCL  E RATIO!  I?  ) IAX.IAH'-l  c RATI0U3)/! 
?F??.8.F?7.8,'-26.A,?F2P.8)  ) 


IF  (N6FT-1 ’ 913.913.R1A 
CALCULATION  OF  CL(I.J.M) 


9 1A  DO  9 0 A 1 J = 1 . 3 
T I L T =6 . 0 

DO  90A1  M = 1 » NOE  L 1 
NPT5=NUM°TS( J.M)-1 
DO  90^1  1=1,NYDRF 
DA1NTm=-1 ,/CLFRAT ( I . J) 

00  9 0 7 \ U = 1 . NP  T S 

MDTFSTrO 

XTFST  = (APL<J»v*NU-*-l)*CLN<J*M.NU)-AOL(J*M*NU'* 

1 C’..N(  J.M.MJ+1  ) ) / ( DAMN  T M *(CLN(J.M,NU>-CLN(J.M,NU*1  ) ) 

?- ! ADL ( J »M ,NU ) - ADL ( J.M. NO* 1 ) ) ) 

IF  I CLNI J.M.NUI-XTFST  )9uQ,908.cl  1 1 
9111  I c ( CLNT J.v.NU+1 )-XTFST)RCR.90P.Q071 
>C  7 l NP  T C S T = 1 

907  continue 

908  IF  (NPTF.ST  190C,R0ai  ,909 
908 1 CL ( I . J.M ) =XTFST 

C 

C CALCULATION  OF  Cm(I.j.V) 

HO  9 1]  J = 1 . 3 
DO  Oil  Ms]  ,NDFL 1 
DO  9 1 1 1=1 » NYDBS 
NP  T S = NUMP  T S ( J .M | 

00  910  NU= 1 » NP  T S 


H ‘rj 


nnm 


CCOMV (NU  )=CLN(J,M,NU) 

910  T ABLV  ( NIJ  ) = CHN  ( J »M,NU  ) 

T I LT=2.0 

C0MV=CL ( I * J.MI 
TTST=0.0 

CALL  TABLOK  (C0MV.CC0MV.ANS  .TARLV.NPTS,  TrST  . 

1 SI  ,S?1 

I F ( T EST  1911,911.906 

911  CM  ( I » J,MI=ANS 
913  DO  1108  J = 1 , 3 

PRINT  1107 

1107  FORMAT ( 1H1A3X .23HTARLES  OF  H I NGF  MQMFNT 

12  1 HAND  LIFT  COEFFICIENTS  ) 

POINT  1 109, BRR ( J ) , (DEL (M)  . M=1  ,NDFL 1) 

1109  FORMAT ( 6HU  B 7 =E 1 5 • 8 / IH  A7x,17H'_IFT  COE FF I C I F N T S / / 8 X , 7m y / ( B / 2 1 

1 6 X , 8 HDE  L ( i ) =(F10.7»5F18.7/29X,6F13.7)  ) 

DO  1100  1=1,  NYDBS 

11CD  PRINT  1 1 lO.YDBSI  I ) , (CL ( I , J,M) ,M=1 ,NDFL 1 ) 

1110  FORMAT ( 1H02X ,E1 fl.8 .( 6^ 18. 8/21X  ,6r  13,8  1 1 

PRINT  1111 

1111  FORMAT ( 1hG52X,25HH!NGE  MOMENT  COEFFICIENTS  ) 

DO  1200  1=1, NYDBS 

1200  PRINT  1 llO.YDBSm  , <CH(  I , J,M)  ,M=1  ,NDFL1  T 

1108  CONTINUE 
GO  TO  916 

906  PRINT  912, TILT 

912  FORMAT ( lHl 10X.6HTI LT  = F A . 2 / 1 HO  1 OX . 1 1 HT I L T = 1.0 
1A7HMFANS  CLIN  TILTFD.  TILT  = 2.0  MEANS  CL  T I L TFD. 

223HT I L T = 3.0  MEANS  CH  TILTED.  ) 

NSUB  = 1 
GO  TO  916 

9C9  PRINT  916. TUT  ,XTFST 

915  FORMAT ( lHl  1UX, 6H TILT  = F A . 2 , 1 uX  . 7hX TEST  = F 1 6 . 8/ 1 HO  1 0 X , 

1 3 1 Hi  1 L T = A.n  MEANS  X TEST  TILTE".  ) 

N SUB  = 1 

916  RETURN 
END 

C UPDATED  F OF  TRAN  DECK  FOR  SUBROUTINE  TAPlOK 

C 

C BOTH  WAYS  TABLE  LOOS  UP. 

SUBROUTINE  TAPLp<(COMV,CCOMV,ANS,  tablv, nil, test , S 1 » S 2 1 
DIMFNSIONCCOMVt  6 C U ) , TABLV ( 5 CO ) .PATCH ( 6 00 ) 

S1=M*1  . 

IF ( CCOVV ( 1 ) -CCOMV (NIL  1 ) 1 AOO . 1 20 1 , 1 300 
1 2u 1 PRINT  1209 

120-  FORMAT ( 1H1AUX ,2°HN0  OUTPUT  CCOMV ( 1 )= CCOMV ( N I L ) ) 

TF  ST  = 1 . 

GO  TO  9999 

T h F R F ART  ONI  Y Two  CASES  WHFN  C^mV  FALLS 
INTO  FITHFR  AN  ASCENDING  OR  DESCENDING  ! 1ST 

S’ AR  T DE  SCI  ND  LOOK  UP 
1 300  IF  <COvv-CCC'Mv<  NIL  J J 1 1 00 . 1 1 0 1 . 1 1 02 

1100  PRINT  1 103. COMV.CCOMV(NIL) »S1 »CCOMV( 1 1 


r\  r\  r>  n r> 


1103  FORMAT ( lHl  18X ,6hC0MV  = E 1 6 . 8 , 2 X , 7HCC0MV  = E 1 6 . 8 . 2 X , 4HS  1 = F7.2, 

12X,4HCC=  E16.8  ) 

TEST  = l . 

GO  TO  0999 

1101  ANS=TARLV(NIL) 

GO  TO  9999 

1102  10L= 1 

IF ( COMV -CCOMV ( LOL  1 ) 1 1 04  *1105*1  100 

1108  ANS=TaRLV(LOL) 

GO  TO  9999 

1104  IF (COMV-CCf  -*V(L0L  + 1 1 1 1 107, 1 1C8, 1 109 
1 lOR  AM8=TARLV<L0L  + 1 ) 

GO  TO  9999 
1107  l OL  = LOL  + 1 
GO  TO  1104 

1109  B9= CCOMV ( LOL+1 1 -CCOMV ( LOL  1 
DI  NC  = TABLV<  LOL+1  >-TARLV(LOL  1 
CL=COMV -CCOMV (LOL ) 

ANS=TABLV(LOL )+CL/BB*DINC 

GO  TO  9999 

ASCEND  ASCEND  SA^E  AS  OLD  BETA 

1400  IF (COMV-CCOMVI N1 L 1 ) 1 CO  * 2^0  , 1100 
200  ANS=TABLV(NIL1 
GO  TO  9999 
100  L OL  = 1 

IF  < COMV -CCOMV ( LOL ) 1 1 100, 2U 00,3  000 
2000  AN.8=TaRLV(LCL) 
r,9  TO  99Q9 

3 Of  0 1 F ( COMV-CCOMV(  LOL  + 1 ) 11109, 3 00  2,  ->003 

3002  ANS=TABLV(LOL+ll 
GO  TC  9999 

3003  L OL  = LOL  + 1 
GO  TO  7000 

r\n  Or  ascfND  asCFND 

9999  RETURN 
END 

SUBROuT  I A' F rARA(x,v,A,P,C,Sl,SPATCM) 

DIMENSION  X ( 3 1 ,Y( 71 »SPATCM< 10G» 

XD'JMl  r x ( 1 1 
XDUM2  = X ( 2 1 
XDUM7  = X ( 3 1 
VDUV1«Y I 1 1 
YDUM2=v ( 7 1 
YDUK‘  3 = Y ( A 1 

ADUV  = ( ( Y DU V 1 - YDL'M 7 1 / XDL.M1  -XD'JM?  1 - < YDUV  1 - YDjM ■»  ) / ( X^UMl  -XOuM7  ) ) 
i / { XDUMJ*  - X Rl)M  7 1 

BDJMr  ( YDUM*  - Y DU'*2  » / I XDuMl  - x DU«7  1 - ( XRuv  1 ♦ XDUM7  i • A nuv 
COUMsYDUMl-XDU"  I ♦ V'UMl  » UV-XDOMl  » Yf'i.iM 
A sADiim 

n srdlim 

C * C DuM 

RETURN 
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